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After the first publications on plastic reconstruction of the sound 
conducting mechanism in Germany by Moritz, Wullstein and Zéllner, 
in the United States by Weeth, and in Japan by Goto, the funda- 
mentals of the pathologic physiology of the sound conduction in 
the middle ear have been established by six years of medical experi- 
ence. Although many theoretical details in this field still remain 
controversial, an operative procedure has been developed after various 
preliminary trials which in all probability will not be much changed 
by future developments. 


With regard to the hearing, we can group the operations in slight 
§ § § I I § 


modification of the classification given by Wullstein into three types: 


Type I. Complete restoration of the normal transmission of 
sound with the possibility of reaching the normal threshold of hearing. 


Read as part of a Symposium on Chronic Suppuration of the Temporal Bone 
before the Sixth International Congress of Otolaryngology, Washington, D.C., May, 
1957. 
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Type II(a). Number of operations 3 
Improved 27 (69%) 
Reached 30 db level 22 (56%) 

Note: In the four tables each column represents one patient. The 
hearing by air conduction of the three speech frequencies before operation 
is indicated by the thin black line. The heavy black line represents the hear- 
ing gain. Cases of hearing loss are shown as open columns. The broken lines 
drawn from above downward indicate the loss of bone conduction. 

Postoperative discharge from the ear is indicated by a small circle. 
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Improved 26 (63%) 
Reached 30 db level 35 (85%) 
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TABLE III 
TOTAL PLASTIC 
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Types III(a) and IV(a). Number of operations 133 
Improved 96 (72%) 
Reached 30 db level 74 (56%) 


Type II. Restoration of the drum membrane and utilization 
of at least part of the ossicular chain for the transmission of sound 
to the oval window (columella effect). In these cases, too, there is 
the possibility of reaching normal hearing but the prognosis is less 
favorable due to the incompleteness of the sound conducting mecha- 


nism. 


Type III. Restoration of the phase difference between the two 
windows in cases with total defect of the conducting mechanism. 
The hearing gain will rarely exceed the 30 db level. 


On the basis of these experiences we should be able to give to 
the patient, after thorough examination of his ears, an exact estimate 
of the amount of hearing to be expected after a plastic procedure 
in the same way as we are able to do it before an operation for 
otosclerosis. Although a thorough examination is facilitated by the 
use of the microscope, the acoustic probe and the prosthesis-effect, and 
although the essential technical difficulties of the operation are by now 
mastered, we are nevertheless unable to give an exact prognosis. In 
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TABLE IV 
MINOR PLASTIC 


° 1982 nasal 19941 1955] 4956 








sé& 
Be Sas on 
* 
+ ee 
4 
sm 
Resid 
een | 
Rentaenaeianll 
— 
Serene 
— | x 
4 
ore enencenen 
i aeeeeemeinaatinal 





















































60 L Lit tt 1 {| TRGGTAH Ltd | 
70 | | | 
=| HI IOTMMAATANUUUUATUATACUUTTTT THT 
90 Lith LE Pit 
Types III(b) and IV(b). Number of operations 54 
Improved 35 (65%) 
Reached 30 db level 39 (72%) 


most of the cases we must take into account an unpredictable factor, 
the way in which healing of the original disease takes place. 


The statistics on endaural myringoplastics and on meato-antrot- 
omies prove that one has succeeded in perfecting the operative tech- 
nique to such a degree that we expect only a small percentage of 
failures. Among 52 operated patients, 90 per cent achieved a hearing 
gain. This is, however, a selected group of patients in whom the 
original disease was either completely healed or in whom only a 
harmless residual inflammation with scanty mucoid secretion was 
present. Wullstein, as well as Pietrantoni, achieved the best results 
in similar cases. Not all the patients by far, however, reach normal 
hearing; this was the case in only 9 of the 52 patients. This is under- 
standable because after inflammation a certain amount of scar forma- 
tion is to be expected. 


The factor of uncertainty is much greater in the other groups. 
One could assume that similarly favorable statistics could be achieved 
if one would only consider the patients who were already healed before 
the operation. But among the more than four hundred patients on 
whom we have operated up to now there is only a small percentage 
of healed ears; altogether 329 unselected and controlled cases, operated 
upon at least one year ago, are contained in our statistics, including the 
§2 plastics of Type I and ten plastics with fenestration. The results 
are reviewed in Tables I to IV. The cases in which the pars tensa 
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of the drum was still present and could be utilized and the plastic 
procedures are grouped separately. The Type II was divided into 
Type II(a) (columella plastic) and Type II(b) (attic-antrotomy). 
In Type III the cases where the pars tensa was missing and where the 
graft had to be used for protecting the round window are grouped 
under the sub-heading III(a). Type III(b) comprises the cases 
in which the drum or the remnants of it were available for the forma- 
tion of a reduced tympanic cavity. 


One can see that as a rule the level of hearing is higher in patients 
whose drum membrane had been present than in those with con- 
structed drum. The task is easier for the surgeon in the (b) cases 
and the chances for the patient are somewhat better. In the total 
plastics, Type III, no differentiation was made between the cases with 
present or missing stapes. This group also contains all the cases with 
re-exposure of windows, reopening of the closed eustachian tube and 
mucosal implants. 


The statistics show that altogether in 28 per cent of all the cases 
(Type I, II, III) no hearing improvement could be achieved. What 
are the causes of the failures? Only if we know them can we predict 
correctly in a given case and perhaps hope to improve the results in 
some of them, with modified treatment. Since inflammation is one 
of the main obstacles for healing, the question arises if it is more 
appropriate to operate in two stages, i.e., to eliminate the inflammation 
by the first operation and carry out the plastic at a later date. We 
prefer the two-stage procedure in the beginning, abandoned it later 
for technical reasons but would reserve it now in certain cases. 


Experience shows that the inflammation in cholesteatoma is 
relatively harmless. The ear heals quickly after removal of the cause 
for the suppuration and primary plastic is almost always successful. 
In cholesteatoma there is, however, the possibility of a recurrence. 


Our operations have given us important information about the 
mode of growth of the cholesteatoma which is useful for the plastic 
operations. The secondary cholesteatoma grows not only, as usually 
believed, by direct displacement of the mucosal epithelium (Fig. 1-b) 
but relatively frequently by way of hernia-like invagination of 
atrophic scars of the tympanic membrane (Beickert). In these sacs, 
which probably penetrate into the tympanic cavity by the force of 
negative pressure or traction of scars, increased desquamation of the 
surface layers of the epithelium occurs from inflammatory irritation 
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a b c 
Fig. 1.—Schematic demonstration of the development of a secondary 
cholesteatoma. 


Fig. 1(a) shows the development from a central perforation in the 
posterior superior quadrant. The dotted line represents the plane of cross 
sections which are shown in Figs. 1(b) and 1(c). The stages of growth are 
shown as thin concentric circular lines. 


In 1(b) a cross section through the stapes area shows the ingrowing of 
squamous epithelium in direction of the arrow into the epitympanum, replac- 
ing the mucosa by skin. 


In 1(c) a different mode of development is illustrated. A thin hernia 
sac-like bulges upward into the epitympanum and downward into the hypo- 
tympanum. It pushes the mucous membrane ahead of the growing sac. 


In a fully developed case the lumen is abolished by the bulging cholestea- 
tomatous sac. Two layers of epithelium are lying facing each other on the 
tympanal wall. By careful manipulation the epithelium on the tympanal wall 
can be saved for further use. 


and leads to a secondary dilatation of the lumen. That this is actually 
the case can be seen for the fact that these cholesteatoma sacs are 
covered on their outer surface with mucosa (Fig. 2) and that one 
finds, if one proceeds cautiously, the wall of the promontory, of the 
hypotympanum, and of the attic still covered with the original thin 
mucosa. This is, of course, not found everywhere and in every case. 
But the finding of these thin mucosal remnants permits in many cases 
of cholesteatoma of the tympanic cavity in which a plastic reconstruc- 
tion of the cavity seemed at first impossible, nevertheless a primary 
plastic reconstruction. From our observation one can also conclude 
that the cholesteatoma formation is not the result of the inherent 
properties of certain parts of the epithelium of certain parts of the 
external auditory meatus and the drum. Also the implanted epi- 
thelium of the skin of the arm and of the auricle can give rise to 
cholesteatomas. We found three times, in cases where the plastic 
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Fig. 2.—Cholesteatoma sac obtained in surgery demonstrating the condi- 
tions shown in Fig. 1(c). The inner lining of the sac is the matrix with 
some cholesteatomatous material in the lumen. The outside layer of the sac 
is formed by the tympanal mucosa, recognizable by a layer of thin epithelial 
cells. 


flap had to be removed, small cholesteatoma-pearls in connection with 
hair follicles and sebaceous glands of the implant (Fig. 3) (Beickert). 
Although the prognosis of primary plastics in cholesteatomas is gen- 
erally very favorable, we must watch these cases until all signs of 
inflammation have disappeared and until all danger of recurrence of 
the cholesteatoma has passed. 


A complicating factor for the prognosis are adhesions which lead 
to the obliteration of the hypotympanum and to stenosis of the tubal 
lumen. Good function of the tube is an absolutely essential prerequi- 
site of all plastics. Mild degrees of stenosis can be relatively favor- 
ably influenced by beta irradiation of the tubal isthmus according 
to Thullen. We use for that purpose bougie containing Strontium 90. 
Figure 4 demonstrates the radiation bougie in situ. The tube is indi- 
cated by a black line; a white line shows the small extent of pene- 
tration into the depth of the beta rays. They only influence the 
tubal mucosa. The results of 140 tubes treated by this method were 
compiled by Beck. In cases with only moderately increased tubal 
resistance (40 to 70 mm Hg) the radiation in the great majority of 
instances achieves normal patency with a resistance of less than 10 mm. 
In higher degrees of obstruction the percentage of success decreases 
rapidly. A complete occlusion of the tube might be located in the 
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Fig. 3.—A full thickness plastic skin flap removed after one year in a 
Formation of a small cholesteatoma sac (c) at the 


surgical revision procedure. 

inner layer of a skin transplant. Donor site was the retro-auricular fold which 

contains some sebaceous glands (b) and some hair follicles. The outer epi- 
(Courtesy Arch. f. H N O Heilkunde) 


thelium is shown in (a). 





Fig. 4.—View of a bougie containing strontrium 90 placed in right 
eustachian tube. The outline of the lumen of the eustachian tube is shown 
The area of the radiation effect is indicated by the white 


as a thin black line. 


line. 
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Fig. 5(a).—Normal eustachian tube and tympanal cavity. The lumen 
of the tube is most narrow on the borderline of cartilaginous and osseous tube. 
Fig. 5(a) shows the tamponading of the eustachian tube which consists of a 
silk thread which is used for tamponading the tympanic cavity. It is extended 
through an acrylic tube of 1 mm diameter through the eustachian tube and 
through the nasopharynx and nasal cavity to the nostril. The acrylic tube 
reaches the tympanal opening of the eustachian tube. Fine inflation of air 
is possible through the acrylic tube during the postsurgical treatment. The 
silk thread and acrylic tube are removed after three weeks. 


funnel-shaped tympanic end. It can mostly and easily be eliminated 
by excision of scars. If, however, the occlusion is situated in the 
isthmus, it can be forcefully reopened with metallic probes or, as 
Wullstein showed, with a drill. We, too, achieved permanent successes 
with this method in bony occlusions. 


In order to keep the isthmus patent, we packed the tube either 
with silk threads or, following a suggestion of Lindsay, with fine 
acrylic tubes (Fig. 5). Packing must, in any event, be preceded by 
pushing a thread from the middle ear to the external opening of the 
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nose. This is sometimes achieved after introducing a bougie from 
the nose; in cases with adhesions the way from the ear to the nose 
is more frequently the only possible approach. We use for that the 
special set of instruments. The thread or acrylic tube remains in place 
for 3 to 4 weeks. Through the tube, air is insufflated into the middle 
ear after the first week. The treatment of obstructed tubes is very 
difficult and gives permanent results in only part of the cases. 


Similar conditions prevail in complete obliteration of the tym- 
panic cavity in which mucosa must be implanted. We use conjunc- 
tival bulb or oral mucosa from the upper cul de sac of the vestibulum 
oris, which must be thinned out as much as possible. The mucosal 
graft, in our experience, always takes. The later excisions show it 
always retains its original structure. The main obstacle for a good 
functional result is the fact that in some cases adhesions are formed 
at the margin of the implanted mucosa. The existing tendency to 
shrinkage and adhesions can, in some cases, be counteracted only with 
great difficulties. 


Such a constitutional factor is uncommonly present in the so- 
called purely mucosal suppuration and it can jeopardize the result. 
These harmless-looking mucoid secretions are sometimes very obstinate 
and defy every kind of treatment. If copious secretion from the tube 
and the middle ear persists even after removal of the mastoid cells, 
the flap might be swept away in toto or might be perforated. Some- 
times the flap takes in spite of persistent secretion and functional 
result is good. This occurs if one succeeds in creating a kind of safety 
valve for the secretions. In one of our patients, for instance, the 
hearing result is excellent although there is still a great deal of secretion 
two years after the plastic operation. The mucus can be blown out 
with the help of a Valsalva through a small slit-shaped opening in 
the stapedial niche above the promontory. In general, we prefer a 
two-stage operation in such patients with considerable inflammatory 
irritation of the tympanic mucosa without apparent causes, i.e., with- 
out cholesteatoma and caries in whom we suspect an allergic factor. 
Such a procedure is furthermore indicated because we saw in some 
cases with mucoid secretions milder and shorter labyrinthine irritation 
after the plastic operation. Most frequently persistent vertigo devel- 
oped which did not stop until the secretions ceased. Several times we 
observed a usually temporary drop in bone conduction. 


Plastic operations of the sound conducting system require not 
only excellent surgery but also troublesome preoperative and post- 
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operative treatment of the diseased ears. In a large proportion of cases 
a one-stage operation and a short after-treatment of three to four 
weeks is sufficient. In other cases, however, long-lasting after-treat- 
ment and sometimes re-operation become necessary if one wants to 
exhaust all chances for curing the infection and improving the hearing. 


If one proceeds properly the percentage of damage to the ear 
is small, about 2.1 per cent of our cases, although in many cases several 
operations were necessary. The risk is, in general, smaller than in 
fenestrations. For that reason quite a number of cases which were 
recorded in our statistics as unimproved could still achieve a hearing 
improvement. The problem of curing the underlying disease is, in 
most instances, more difficult than the technical correction of operative 
failures. In my opinion it probably will be necessary, in selected cases, 
to arrange for treatment of longer duration as has been done for a long 
time in other chronic disease, for instance, of the lung and the eyes. 


HUGSTETTERSTRASSE 55 








LXIX 


NORMAL AND ABNORMAL ACTIVITY 
OF THE HUMAN OTOLITHS 


JoserH A. SULLIVAN, M.B. 
WALTER JOHNSON, PH.D. 
BRYDON SMITH, M.D. 


TORONTO, CANADA 


The specific functions of the separate components of the non- 
auditory membranous labyrinth in the head have long been the object 
of considerable controversy among otolaryngologists. This lack of 
understanding has been a handicap both in regard to teaching the 
basic physiology of equilibrium and to the clinician in his attempts to 
segregate the various diseases of the labyrinth. It is the object of this 
paper to stress the importance of a direct experimental surgical pro- 
cedure which gives promise of clarifying, to some degree at least, the 
above mentioned problems especially as they apply to mammals includ- 
ing man. 


As pointed out in recent reviews," lack of suitable means of 
establishing the exact function of the otolythic receptors has long 
provoked “diversity of opinion.” Wittmaack'*°?! carried out a 
direct but drastic procedure by centrifuging guinea pigs at 2000 revo- 
lutions per minute and thereby tearing loose the otoliths. Magnus 
and de Kleyn’*"* used the same procedure and agreed that the maculae 
are sensory organs which are stimulated constantly by any given 
position of the head. Traction and pressure on the otolithic mem- 
brane due to the influence of mass and gravity are forces which 
influence reflexes controlling posture through the skeletal muscle tone 
of the head and trunk. These functions were lost in the centrifuged 
animals while the responses to angular acceleration (semicircular 
canals) were reported as being retained. Their findings, however, 
differ from the old theory of Mach-Breuer"’ which claimed that trac- 
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tion (“upside down” position) exerts the minimal stimulation while 
pressure (“right side up”) has the maximum effect. They also claimed 
that rectolinear movements are controlled by the crista of the semi- 
circular canals and not by the maculae—a conclusion which has been 
refuted by others.’” 


With the development of suitable means for the electrical record- 
ing of nerve “action currents,” it became possible to obtain more 
reliable information as to specific functions of the components of the 
nonauditory labyrinth. This was only possible, however, with such 
animals as the frog and cartilaginous fish whereby the separate nerve 
branches from the various semicircular canals and maculae could be 
exposed without actually destroying the membranous structures in the 
vestibule. Lowenstein and Roberts” demonstrated that the utricular 
maculae show a resting discharge which changes with body position. 
Tait, McNally and Ross'*’®"* working together made many such 
studies using the frog. Their excellent contributions are too numerous 
to detail here. Briefly stated, however, they conclude that slow move- 
ments of the head stimulate the utricle while fast angular accelerations 
activate both the utricle and the semicircular canals. In regard to the 
utricular maculae they state more specifically that they are stimulated 
“by simple slow tilt of the head, by centrifugal force, or by appro- 
priate linear acceleration of the head which alters the direction of their 
axis with respect to the underlying macula surface.” These and other 
authors claim that the utricle: a) responds to tilting around all hori- 
zontal axes, b) responds to linear accelerations, forward, sideways and 
in resultant directions, and c) a single macula is maximally stimulated 


by slowly tilting to the opposite side. 


As to interaction between the utricle and the semicircular canals, 
some controversy exists. According to Tait and McNally, the utricle, 
when exposed to strong and continued angular accelerations exerts a 
dampening influence on the functions of the semicircular canals, while 
Maxwell'* has suggested that the otolith organs and the semicircular 
canals evoke synergic dynamic reflexes. The interaction between the 
labyrinths on both sides of the head has been summarized by Fisher,° 
who states “under normal conditions each labyrinth strives, so to speak, 
to rise to the top. That is, as soon as the head is held in an abnormal 
position, stronger impulses emanate from the inferior than from the 
superior labyrinth; the inferior labyrinth seeks to rotate the head so 
that it approaches the minimum position (lying superior), until 
equally strong impulses emanate from both labyrinths, that is, both 
stand at the same level, the head attaining the normal position.” 
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Experiments by various authors show that compensatory move- 
ments of the head are also affected by impulses arising in the neck 
muscle proprioceptors. These have been shown by Magnus and de 
Kleyn to interact with the influence of labyrinthine reflexes on the 
tone of the muscles of the extremities. The role of the neck reflexes 
alone is seen in decerebrate animals with ablated labyrinths. 


Furthermore, elimination of the neck reflexes by cervical nerve 
section or by immobilizing the neck in a plaster cast facilitates exam- 
ination of some labyrinthine responses. 


The difficulties involved in the development of specific tests for 
a determination of the integrity of the human utricular otolyth are 
mainly due to lack of irrefutable evidence of otolith function. In 
fact, reliable tests are conspicuous by their scarcity. Some noteworthy 
contributions, however, have been made: 


a) Tait and McNally" described a tilt table to investigate utricu- 
lar function. Compensatory movements of the head in response to 
slow tilt were indicative of utricular response. 


b) Lorento de No" noted deviation of the eyeballs when a rabbit 
was rotated at constant angular velocity but with the head in an 
eccentric position. The resultant between the outward centrifugal 
force and the downward force of gravity produces eye muscle responses 
from labyrinthine (utricular) stimulation. This has been applied to 
humans on the U.S. Navy centrifuge by Graybiel and Niven.’ Their 
excellent studies in this regard have added greatly to our knowledge of 
the utricular macula (subjects rotated below threshold of semicircular 
canal stimulation). 


c) At Utrecht in Holland, Von Egmond, Groen and de Witt” 
have devised a position chair to stimulate the utricle. By firmly fixing 
a test subject in a ship’s stretcher within a system of gimbal rings, the 
body is slowly tilted either forward or backward (25°). The resulting 
deviation of the eyes due to otolith stimulation is recorded by having 
the subject trace on a blackboard with a piece of chalk the position of 
a visual after-image. 


d) A four-pole parallel swing has been used by Hulk and Henkes* 
in clinical practice. It has also been used by Baillart' to study the 
effects on central retinal artery changes. 


e) Barany’ in 1921 demonstrated positional nystagmus when the 
involved ear was undermost and since it was position and not move- 
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ment which was responsible he attributed this to disorder of the oto- 
lith. Hearing, neurological and caloric responses were normal in his 
patient. The clinical significance of these findings have been recently 
elaborated by Cawthorne, Dix, Hallpike and Hood.* 

f) The more recent procedures of Graybiel and Niven have been 
referred to above. 


PROCEDURE 


It is apparent from the above survey of the literature that further 
investigation into the function of the utricular macula is indicated. 
To this end a direct exposure of the vestibule with section of the nerve 
specific to the utricle is the only reliable experimental approach; any 
resulting abnormalities can then be directly attributed to the loss of 
this end-organ. This has been a relatively simple procedure in lower 
vertebrates such as the frog. The application of such findings to man 
is only one of conjecture and therefore the need exists for a direct 
approach to the utricular nerve in highly developed mammals such as 
cats, dogs and monkeys. As a preliminary step in this direction the 
utricular nerve was exposed and sectioned in cats; the procedure has 
also been applied to monkeys and will be reported later. The technique 
adopted was as follows: 


A pre-auricular incision with ligation of the superficial temporal 
artery was carried out. The temporal muscle was pulled upwards away 
from the external ear canal and the latter was cut cross at the tympanic 
annulus. The drum was incised and the incus dislocated. This was 
followed by removal of the drum, incus and malleus. The stapes lying 
in its recess was preserved at this stage. The facial nerve was next 
incised and evulsed in its tympanic segment. Using suction and irri- 
gation with Lamp’s solution (isotonic to perilymph), the horizontal 
semicircular canal is next exposed on its facial side with removal of 
bone over the ampulla of this canal using the magnification of a Zeiss 
Opton microscope. The remaining bone to the annular ring of the 
fenestra ovalis was then removed by curette. With cessation of irriga- 
tion the foot plate is gently evulsed. The nerve to the utricle is seen 
as a dense band covered by thin bone at the caudal and anterior por- 
tion of this structure where it leaves the bone and sends fibrils in a 
spray fashion into the macula utriculi. The nerve was then severed 
in its vertical portion leaving the macula denervated. Any bony chips 
and foreign bodies were carefully removed from the region. A large 
piece of Gelfoam was placed over the operative defect. During closure 
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the external auditory canal was sewn to the temporal muscle, thereby 
completely blocking this structure in order to prevent infection. A 
small amount of penicillin (aqueous) was dropped into the incision 


as closure progressed. 


RESULTS 


For the first two or three days postoperatively, the cats remained 
upright but tended to remain immobile. It was obvious that move- 
ment was disturbing and consequently avoided. Support from rigid 
objects was sought for so that the animal would remain with one side 
pressed against a wall, the side of the cage, or the cat would remain 


inside a feeding dish. 


When the operation was confined to section of the utricular nerve 
no nystagmus was noted. This agrees with the findings of Versteegh"* 
in regard to the rabbit and indicates that the feeling of instability was 
not due to vertigo but rather to spatial disorientation while the cut 
end of the utricular nerve was degenerating centrally. No vomiting 
was ever noted at this stage and the animals accepted food on the 


second postoperative day. 


Beginning usually three days postoperatively, the animal would 
commence to actively move around. For the following ten days on 
the average, the head would be held tilted toward the operated side. 
This agrees with the findings of McNally and Tait’® in that the utricle 
acts antagonistically to the semicircular canals and that body position 
relative to the force of gravity represents a fine resultant between 
the semicircular canals on the one hand and the utricular macula on 
the other. This is further borne out by the fact that the trunk was 
always tilted toward the operated side when walking, an act which 
was carried out in a “broad base” fashion (markedly seen in the pos- 
terior limbs) especially on the operated side. It would thus appear 
that spatial orientation in relation to the direction of the force of 
gravity and muscle tone of the limbs and trunk on the operated side 
were impaired. It is thus not surprising that the righting reflex was 
impaired as seen when dropping the operated animal in an upside down 
position. Quick movements in response to sudden pushing resulted in 
a hesitant type of locomotion. This however does not resemble cere- 
bellar ataxia. Muscle tone appeared diminished on the operated side 
which explains any turning which always occurred to the left. No 
dysmetria was evident. It appeared that there was no loss of power 
of muscle movement. This was especially well seen when the animal 
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made attempts to jump upward on to a platform. That is, due to 
asymmetry of muscle tone powerful but complex and ineffective 
attempts were made with the cat sprawling in an “‘about face” direc- 
tion. The cat appeared to reach its objective with its right forepaw 
but not its left. Such attempts soon apparently disturbed the animal 
to such an extent that future attempts a jumping became less frequent. 


In regard to eye deviation, the findings of Versteegh on rabbits 
have also been observed in cats with unilateral section of the utricular 


nerve. 


Commencing two weeks postoperatively, a gradual improvement 
in co-ordination of locomotor activity was apparent. The cat assumed 
a “slow motion” type of walk as if contemplating each step. The 
animal could still be thrown off balance by upsetting procedures such 
as dropping or being pushed sideways. However, much more per- 
sistent exploratory ambulation was evident with the “broad base” 
attitude still present. 


Three or four weeks postoperatively the head had assumed its 
normal position relative to the trunk. The only obvious permanent 
impairment was inefhiciency of righting reflex response to forced 
violent upset and diminished muscle tone on the operated side when 
visual reflexes were removed by covering the eyes. 


SUMMARY AND CONCLUSIONS 


1. A survey of the literature on the functions of the utricular 


macula in man indicates diversity of opinion which is definitely due 
to absence of direct and reliable experimental evidence. 


2. In an attempt to overcome this gap in our knowledge, an 
experimental surgical procedure has been developed which enables 
exposure of the vestibule and section of the utricular nerve without 
damage to the membranous structures. This is possible by using cats, 
dogs, monkeys, etc. 


3. Preliminary findings stress the importance of the utricular 
macula as a static sense organ controlling the position of the head and 
movements of the limbs and trunk to maintain equilibrium. Eye 
deviations and diminished tone of skeletal muscles of the neck, trunk 
and limbs on the operated side were apparent. 
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4. An extensive series of such preparations is required before a 
complete evaluation of the significance of the utricular macula can be 
appreciated. Furthermore, it is suggested that conclusions derived 
from such nerve section tests be supplemented by nerve “action cur- 
rent” recordings concomitant with utricular stimulation. 


174 St. GEORGE ST. 


The facilities of the Defence Research Medical Laboratories and the review of 
the findings of Dr. J. Moratta, Department of Neurology, St. Michael’s Hospital, are 
greatly appreciated. 
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TREATMENT OF PAPILLOMA 
OF THE LARYNX 


F.C. W. Capps, F.R.C.S. 


LONDON, ENGLAND 


When in January, 1956, I was honored by an invitation to open 
the discussion of a symposium on papilloma of the larynx I accepted 
with a very imperfect realization of the scanty extent of my personal 
experience. I was amazed to find that at my hospital (St. Bartholo- 
mew’s, London) since 1920 I have only been able to unearth 20 cases 
histologically proven and documented (Tables I and II). Thirteen 
of these have occurred since 1945, almost certainly a reflection on the 
improvement of our statistical department. From 1920 to 1939, only 
those cases remembered personally or still under observation by my 
colleagues or myself have really been traceable. In spite of these 
possibilities for error it is interesting to note that the incidence very 
closely corresponds to that reported by Bjérk and Weber in their 
valuable series from Helsinki. From 1930 to 1940, we recorded only 
one case, and none during the war years (as far as children were 
concerned, this might well have been due to the scattering of the 
London population). From 1945 to 1949, we recorded six cases, 
five of them multiple and recurring in patients under 30 years of age 
(two 0 to § years, three 21 to 30 years); from 1950 to 1954, three 
cases (one multiple and recurring in a young man and one multiple 
and recurring in an elderly woman); from 1955 to date, four cases 
(two multiple recurrent in children and two in young men in their 
twenties, both serving in the Forces, and both multiple but there was 
a previous history in only one of them—a crop of warts on both 
hands in adolescence). 


Both in the literature and in many personal communications the 
opinion is expressed that the multiple papillomas of childhood are 
nothing like so common as they were. Some attribute this to im- 
proved conditions of diet and hygiene’* and noted a very marked 
increase during the war and up to 1950 when Finland suffered 


Read as part of a symposium on papilloma of the larynx at the Sixth Inter- 
national Congress of Otolaryngology, Washington, D. C., May 10, 1957. 
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severely, and a dramatic improvement from 1950 to 1954 as condi- 
tions improved, a period which was also coincident with the more 
extensive and varied use of antibiotics in that country. 


Since 1953, three young men with multiple papillomata have 
come to me from the Navy, to which I am consultant. One had 
certainly had papillomata removed at the age of eleven, but was 
normal when he joined the service. He had recurrences at 22, 23, 
and 25 years, but has been free since some infected tonsil remnants 
have been removed. Another, already mentioned, had warts on the 


hands in adolescence. 


Since the only series to which I had access was far too small to 
justify reliable conclusions as to treatment, although some interesting 
facts came to light concerning transition to malignancy after many 
years, I deemed it advisable to circulate a questionnaire to a number 
of colleagues in charge of clinics. While this was in no sense compre- 
hensive in circulation it was sufficiently widespread and in conjunc- 
tion with the literature gave a valuable body of opinion on which 
to base my comments. I am grateful for some 80 replies to this quest 
for knowledge. 


It was reassuring to find that over 60 reported that they would 
be likely to see ten or less (mostly considerably less) cases in a five- 
year period, and quite a number stressed the fact that of late they 
thought the numbers were diminishing. Fifty of the 60 had fairly 
definite views to offer but the remainder felt unable to commit them- 
selves on their material. In some cases the issue was clouded by a 
vagueness in classification which gave rise to the suspicion that much 
of the material could not be regarded as true papillomata. This was 
more obvious in regard to the single than the multiple variety. Many 
single lesions in older age groups were obviously presumed innocent 
until histology or recurrence proved the opposite. 


Sixteen replies gave an average of over ten and up to 49 cases in 
a five-year period. Most of the higher figures came from centers such 
as Madras or Helsinki, Stockholm, Uppsala, and Oslo, which have 
larger catchment areas from towns of smaller population. Other 
larger series would be likely from special centers such as our own 
Royal National Ear, Nose and Throat Hospital, London, the Man- 
hattan Eye and Ear Hospital in New York, the Mayo Clinic, and the 
valuable series reported from Chicago by Holinger et al., culled from 
the Children’s Memorial Hospital and other units in 1950. When it 
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TABLE I 
5 YEAR PERIOD SEX AGE GROUP 
1920-1924 F 2 (0-5, 31-40) 
1925-1929 F 2 (0-5, 71-80) 
M 2 (6-10, 71-80) 
1930-1934 F 1 (0-5) 
1935-1944 Nil 
1945-1949 F 1 (0-5) 
M § (0-5, 21-30x3, 71-80) 
1950-1954 F 1 (51-60) 
M 2 (11-20, 41-50) 
1955- F 1 (0-5) 
M 3 (6-10, 11-20, 21-30) 
TABLE II 
AGE GROUP F M TOTAL 
(0-5 5 1) 8 
(6-10 2) 
11-20 2 2 
21-30 + 4 
31-40 1 1 
41-50 1 1 
51-60 1 1 
61-70 e 
71-80 1 2 3 
8 12 20 


is realized that the Mayo Clinic had under 200 cases in 30 years, the 
Chicago units 115 in 15 years, it is not surprising to read Holinger’s 
opinion that there was wide divergence of opinion on important 


aspects. 


Nevertheless, I have analyzed my collected material on the basis 


of Holinger’s classification of treatment in 1950 as follows: 


I. Surgical 


A. Forceps removal 


Cautery, electro-coagulation, fulguration and diathermy 


B. 
C. Thyrotomy and laryngofissure 
D. 


Tracheotomy (to place the larynx “at rest” as well as to 
establish the airway ) 
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II. Medical 
A. Topical medications 
1. Fuming nitric acid, lactic acid, trichloracetic acid 
2. Absolute alcohol, formaldehyde, castor oil 
3. Estrogens - Amniotin 


4. Podophyllin 


B. Internal medication 


1. Calcined magnesia (magnesium oxide) , bismuth com- 
pounds and heavy metals, arsenic, potassium iodide 


nN 


. Tincture of Thuja 


3. Androgens—testosterone, testosterone propionate, 
methy] testosterone 


4. Aureomycin 


III. Physical 
A. X-ray 


B. Radium and radon—endolaryngeal and extralaryngeal 
I elicited the following preferences or objections: 


I. Surgical 
Forceps removal Direct 66 
Indirect 1 (Austria) 
Cautery Diathermic 3 
In resistant cases only 3 
Against I 


Laryngofissure 
For multiple cases occasionally 6 


Against in children 2 
If single tumors recur 2 
Tracheotomy—Only 2 For obstruction only 12 


II. Medical 
A. Topical application 


1. Occasional mention lactic acid or silver nitrate 
success claimed 1 
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Nm 


2. Estrogens no result l 


3. Podophyllin (with or without ablation) 


success 4 
no result 12 
B. Internal 
1. Magnesia 2 (France and Belgium) 
2. Androgens success claimed l 
3. Aureomycin and other antibiotics: with ablation 
no effect noted 13 
4. Excision plus cortisone 
Cortisone alone success 1 
no result 1 


Ill. Physical 


X-ray Isolated successes claimed 7 
Radium and radon For adults l 
Against radiation in any form 23 


Of cautery Bjérk and Weber’ say of a series of 79 cases, 26 of 
which had excision only, 25 excision and chemical cautery and 28 
excision and diathermy: “Neither chemical nor electrical cauteriza- 
tion inhibited regrowth of papilloma or brought about cure to any 
greater extent than excision alone. It appeared moreover . . . that 
cautery, diathermy in particular, had given rise to functional dis- 
turbances . . . synechia in the anterior commissure . . . in some. . 
extending to half the length of the cords. . . . The use of diathermy 
also seems to involve possible acute danger. In five cases it was neces- 
sary to perform tracheotomy within a period varying from a few 
hours to two days after treatment. Naturally the risks are less with 
extremely careful technique, yet we think they can scarcely be wholly 


” 


avoided 


This was certainly my experience in the one case where I used 
this method, a young ex-soldier of 25 from whom I first scalped 
growths near the anterior end of both vocal cords. Within four 
months he had multiple warty growths on the posterior halves of the 
cords. These I fulgurated. This process was repeated in a week or 
two. In the following year the process was repeated on six occasions 
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and on two of these tracheotomy was required for postoperative 
edema. Finally two small papillomata were pinched off in September 
1947, and he was not seen again until 1957 when I found that except 
for some permanent thickening of the anterior surface of the right 
arytenoid, his larynx is now normal, with clean, white vocal cords, 
and he has a strong resonant voice. 


I have tried podophyllin (25 per cent in glycerine or compound 
tincture benzoin), both alone and after ablation. Its effect in my 
hands was only temporary. 


By the kindness of my friend, A. R. Dingley, I recently saw a 
young man of 21 who had just completed his national service. He 
first saw him and removed papillomata at the age of three. He sub- 
sequently removed them on ten occasions, always stopping short of 
complete removal and never attempting to leave him with other than 
a husky voice. He was so blocked on one occasion that a tracheotomy 
was necessary to relieve respiratory difficulties and this was retained 
for a week or two. He now had a normal voice and larynx. 


Mr. Dingley wrote me: 


“IT am sure we both remember the severe surgical trauma that 
was apparent in cases of this nature in the twenties and thirties, so I 
drew up for myself a list of ‘don’ts’: 


1) Don’t attempt to give a child with a larynx full of papillom- 
ata a good voice; you will be very likely to give such a case a perma- 
nently bad adult voice. 


2) Don’t do both sides at one sitting. 

3) Don’t do more than pluck off the protruding papillomata. 

4) If there are small papillomata on both cords up to the anterior 
commissure, leave this critical area alone. 

§) All treatment should have one aim: don’t damage the larynx.” 


He concluded, “There appears to be no effective alternative to 
surgical removal. I do not like prolonged tracheotomy.” 


One or more of these aphorisms occur repeatedly throughout 
the literature and the replies to my questionnaire, though nowhere 
were they put together so admirably. 
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Fig. 1.—Specimen from a child who died during an attack of measles 
from obstruction due to a blocking of the trachea. 


Tracheotomy is avoided whenever possible by many, owing to 
the risk that the papillomata may spread to the tracheostome and 
trachea. Mr. Birrell of Edinburgh Children’s Hospital advocates 
regular inspection of the trachea for spread and removal if found. 
The risk that too high a tracheotomy with damage to the cricoid 
might cause stenosis was not uncommon in the past but is rarely seen 
with us nowadays (Fig. 1). 


The often repeated assertion that an endocrine factor is involved 
does not really appear to stand up to careful investigation of histories. 
Bjérk and Weber" give such figures for 37 cases which began between 
birth and ten years. Four were cured at 2 to 3 years, 17 at 4 to 7 
years, 7 at 8 to 11 years. Only one case at 12 to 15 years and one at 
16 to 19. Seven cases continued throughout puberty to over 20 years 
of age. This characteristic is also manifest in many individual his- 
tories which have been referred to in answers to my questionnaire. 
The age at which the disease becomes, if it does, self-limiting really 
bearing very little reltion in fact to the onset of puberty. This 
probably accounts for the disappointing results generally reported 
from local treatment by estrogens or systemic treatment by androgens. 




















PAPILLOMA OF LARYNX 933 


In ten of my own cases arising from birth to 20 years (eight of 
which occurred before 11 years), four males and three females carried 
on through puberty to late life. Two females ceased before the age 
of 10, and one male at the age of six. None ceased at puberty. 


Holinger quotes a woman in whom multiple papillomata disap- 
peared in each of a series of three pregnancies, and Gilroy Glass reports 
a case of a woman who had multiple papillomata as a child, free of 
recurrence at the age of 12, married at 20 and following a pregnancy 
at 22 presumably when menstruation recurred, got a mass recurrence 
which took three years to control. The hormonal factor is certainly 
one about which we still have much to learn. 


Antibiotic therapy, now given as a routine in so many infective 
conditions in children, could possibly be a factor in reducing the 
incidence of the disease in children and its local application in estab- 
lished cases, usually after instrumental removal, may act beneficially 
by reducing local infection of the traumatized area. A majority of 
my replies where this was mentioned, however, indicated no benefit. 


The possibility or even probability, however, that the disease is 
self-limiting certainly dictates minimal procedures to safeguard the 
airway and provide reasonable phonation in anticipation of this desir- 
able culmination. 


Safeguarding the airway should be timely and not an emergency. 
Two clinics only favored tracheotomy and rest as the only treatment. 


Over-enthusiastic instrumental removal, cautery or irradiation 
may lead, in spite of ultimate regression of the papillomatosis, to life- 
long scarring, deformity or stenosis. For the same reason thyrotomy 
is usually considered unnecessary and even undesirable in chlidren 
whereas in adults many consider it good practice in the interest of 
thorough inspection and more radical extirpation in cases of doubtful 
malignancy. 


A majority regard radiation in any form as undesirable or even 
dangerous, especially in children. Salinger reported destruction of 
the cartilages, and Clerf arrested development. Others say it causes 
regression but does not stop recurrence. 


I am indebted to the Radiotherapy Department at St. Bartholo- 
mew’s Hospital for the following observations: 
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Fig. 2a.—Early biopsy of case which became malignant, one of many 
taken before 1940. Fig. 2b.—Section taken in 1942. Still papillomatous but 
epithelium increasing. Fig. 2¢c.—Section now frankly epitheliomatous. 
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Cumulative dosage used in early days was often high, and the 
total dosage from intralaryngeal radium was often as high as 10,000 
r (at 4 cm) in a number of applications over months and years. 


Consideration must be given to the possible carcinogenic effects 


of such treatment for a benign lesion. 


Kennaway'” has shown that the length of the latent intervals 
before tumors develop is inversely proportional to the intensity of the 


stimulus applied. 


Thus extremely intense irradiation may produce tumors in a 
relatively short time. Moderate doses of radiation, especially if given 
in repeated courses, may still produce tumors after many years, and 
late radiation carcinogenesis has been recorded as long as 49 years 


after skin irradiation. 


The latent interval for the maximal doses considered in papilloma- 
tosis may be of the order of 30 years, and it may now be necessary 
to watch for the development of carcinoma in the cases treated by 
heavy irradiation in the 1920’s. 


The doses used in modern radiotherapeutic practice (by external 
x-rays) is usually of the order of 1000 to 1500 r in 2 to 3 weeks and 
causes but minimal reactions. 


Two women in our series are illustrative: one, first treated by 
Mr. Frank Rose in 1908 at the age of 39, had been hoarse “‘all her 
life.” She had countless removals of papillomata. Tracheotomy was 
only just avoided on several occasions. In 1924 she was cauterized 
after removal of supraglottic growths with 50 per cent silver nitrate. 
In 1925 an external application of radium for two hours (dose not 
stated) later same year 68 mgms (pt 0.5) externally for two hours 
each side and 50 mgm (pt 0.5) for 65 mins. each on two areas inside 
the larynx. In 1926 she had 50 mgms in lumen one and one-half 
hours. She had numerous further applications of radium in the 
lumen throughout 1926 and 1927. Thereafter she reverted to endo- 
scopic removal and came under my care when I succeeded Mr. Rose 
in 1930. Numerous removals were necessary and during the war 
(1941) she became so obstructed that tracheotomy became necessary. 
Two months later there was a hemorrhage from the tracheotomy and a 
biopsy showed epithelioma. Million-volt x-ray therapy controlled 
the local condition but by 1943 she had grave stenosis and metastases 
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Fig. 3.—Boy of 20. Recurrences since the age of 9 years. Numerous 
treatments including radiotherapy, laryngofissure twice, cautery, etc. Shows 
extreme scarring and skin trauma. Is stenosed and has permanent tracheos- 
tomy. Becoming malignant. 


in the lungs and died at the age of 74. The total dose of irradiation 
between 1925 and 1927 was computed at some 10,000 r. While never 
free from disease she did not develop malignant change for 14 years 


(Fig. 2). 


The second woman had symptoms at the age of two and a first 
removal at three years. She started with Mr. Harmer at the age 
of 27 in 1927. Radium (50 mgms in the lumen) was used in June 
and again in July, 1927. In September, 1927, a tracheotomy was 
performed. Airway closed in 1929, and more radium was used. 
There were further removals in 1930 and 1931. She was then given 
magnesium sulphate t.d.s. Early in 1932, deep x-ray treatment was 
used. She continued to have removals by Mr. Bedford Russell until 
she passed to the care of Mr. Hogg in 1947. In September, 1953, 
biopsy showed carcinoma, and a laryngectomy was performed in 
November, 1953. She is alive and well and working today at the age 
of 56. Her last irradiation was in 1932—computed dose some 7000 r. 
Carcinoma appeared in 20 years. 
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A young man of 20 now under my care illustrates well the com- 
bined trauma of surgery (endoscopic and two thyrotomies) ; he has 
had deep x-ray, cautery and diathermy in a number of clinics up and 
down the country since the age of nine. He has severe stenosis and 
has had a permanent tracheotomy since 1954, having had one for two 
periods of six weeks on previous occasions. Recent reports on 
material removed from the vestibule and glottic area have given rise 
to anxiety. The last stated “papillomatous fragments but the irreg- 
ularities in the basal layers of these fragments and the frequency and 
irregularity of the mitotic figures suggest that these papillomata should 
no longer be regarded as benign” (Fig. 3). 


I fear it will not be long before I am faced with the need for 
total laryngectomy. I recently removed one small papilloma lying 
in the trachea alongside his tube. 


My colleague, Mr. Hogg, had a male patien who had had recur- 
rent disease in childhood with a tracheotomy from 7 to 14 years of age. 
He was free of trouble until he was aged 53 when papilloma was 
thought to have recurred and there was a swelling in the neck. 
Tracheotomy was performed and biopsy showed carcinoma. He had 
a total laryngectomy in 1945 and was alive and well 10 years later. 
There was no question of irradiation here and others have reported 
similar cases (New and Erich, Jackson and Jackson, de Sanson and 
Amarante, and Cunning). 


In Holinger’s series of 109 cases, however, there was no instance 
of malignant change and he thinks that in the last two of the above 
mentioned series, included cases of hyperkeratotic papilloma may 
account for an apparently high incidence. 


I think I have already indicated the probable causes of stenosis 
and therefore how it may be avoided. Its treatment when it occurs 
is possibly outside the scope of this discussion and in many cases seems 
to have become the province of the plastic surgeon. Prolonged arrest 
of the papillomatosis must, of course, be a prerequisite and it would 
appear that thyrotomy with excision of scar tissue and Thiersch graft- 
ing offers the best prognosis. I would commend the suggestion of 
Negus that a triangular stent should be used to support such grafts 
and thus restore the normal outline of the laryngeal lumen. 


In my country general anesthesia rather than local is favored and 
the advent of the intravenous relaxant drugs has greatly facilitated 








938 F.C. W. CAPPS 


this. Personally I am happiest when a small endotracheal tube is 
introduced. It is surprising how little this gets in the way and the 
feeling of safety engendered makes the whole procedure a much 
calmer affair. If transparent polythene tubing is used illumina- 
tion is little affected and there is even less sense of interference. A 
suspension laryngoscope or laryngostat are the endoscopes most 
favored by a number of laryngologists. The first has an advantage 
in leaving both the operator’s hands free. 


I am very conscious that in this survey I have said nothing that 
is new and have only dotted the “‘i’s” and crossed the “‘t’s” of treat- 
ments already in existence. Our main hope would seem to be that 
the incidence of the multiple disease may be diminishing. Possibly 
some form of chemo- or antibiotic therapy for the virus or viruses 
which may be responsible will one day replace our somewhat make- 
shift surgical procedures but as yet no specific therapy has appeared. 


16 Park Square, East 
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THE LARYNGOLOGIST AND RESUSCITATION 
OF THE NEWBORN 


Witcarp F. Gorr, M.D. 


SEATTLE, WASHINGTON 


The latest available (1951) infant mortality statistics’ in the 
U.S.A. revealed 106,702 infant deaths under one year of age; with 
36,673 (or 34 per cent) dying in the first 24 hours of life. It is 
interesting to observe that in the same year there were 37,100 auto- 
mobile deaths.” 


Chevalier Jackson stated* that “the highest human death rate 
occurs in the first 15 minutes after birth. The mortality rate in this 
short period is over two thousand times greater than at any other 
period of life.” 


The laryngologist can frequently assist the obstetrician, pedia- 
trician and anesthesiologist in reducing this high infant mortality by* 
prompt establishment and maintenance of a clear airway, and deter- 
mination of the point of obstruction, which must either be removed 


or circumvented. 


Potter observed:* “A normal infant will never fail to breathe 
after delivery. All infants who do not breathe are ill.” This illness 
may be due either to obstruction within the respiratory tract, or to 
obstruction outside the respiratory tract caused by external pressure. 


AN OUTLINI OF 
TYPES OF OBSTRUCTION REQUIRING REMOVAL 


OBSTRUCTION WITHIN THE RESPIRATORY TRACT 


A. Secretions (amniotic fluid, mucous, meconium, vernix caseosa, 
blood, gastric contents) 


Adapted from a paper read at the Sixth International Congress of Otolaryn- 
gology, Washington, D. C., May 7, 1957. 
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Technique of maintaining a clear airway: 


1. Position—gravity drainage 
Head low at delivery. Milk trachea down toward the 
mouth. Pull out tongue when breathing stops. 


Rickard prone tilting-visceral shift for full term babies.® 
(This method of manual artificial respiration is based on 
the position of Mauriceau maneuver and principle of the 


Eve rocking bed.) 


Trendelenburg i5° to 20° in prone position in bassinet 


2. Aspiration. A good suction machine should be on hand at 
all times both in the delivery room and in the nursery. 


a) Nose and Nasopharynx 
Bardex woven venous cannula (Bard), size 6, or 
Tracheal tip catheter (10 Fr.) 


b) Mouth and Pharynx 


Rubber bulb syringe (2 oz.) 

Whistle-tip rubber catheter (12 Fr.) with suction ma- 
chine, or DeLee mucous trap (Clay-Adams) or an 
Emerson nasopharyngeal and throat suction (Foreg- 
er). Gentleness cannot be too strongly emphasized. 


Metal aspirating tube—Killian antrum cannula (V. 
Mueller) or Kreiselman infant metal mucous tube 


(Ohio Chemical ) 





c) Tracheobronchial Tree 
Routine toilet is not indicated; however, in selected 
cases the following instruments have been found invalu- 


able: 


Samson-Davis tracheobronchial aspirator with an infant 
laryngoscope (Holinger [Pilling] or Foregger with 
Guedel or Miller blade) 


Infant bronchoscope (3 mm Holinger [Pilling] or Jes- 
berg [V. Mueller] ) with metal aspirator 

Indications for bronchoscopy: Obstructive emphyse- 
ma, obstructive atelectasis, tracheoesophageal fistula, 


etc. 
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Portex flexible intubation catheter (Hartz) (Nos. 00, 
0, 1), with Turnbull-Compton metal connector 
(Hawkes) or simple ‘Y’ tube. Aspiration may be 
done with a polyethylene tube (7 or 9 Fr.) ; then oxy- 
gen may be supplied under low positive pressure. 
There is no general agreement on the amount of pres- 
sure required. My experience is that if I can com- 
fortably tolerate the stream of oxygen on the cornea 
of my eye, the infant can tolerate it in the trachea. 
Newborns can be safely intubated by experienced 
operators. I have rarely found it necessary to leave 
the catheter in over 10 minutes. 

Mousel‘ has pointed out that we do not attempt to 
“blow up” the lungs and produce a visible elevation 
of the chest, but we are content to improve the in- 


fant’s color and muscle tone. 


d) Stomach 
Gastric aspiration using a rubber catheter (10 Fr.) with 
Asepto syringe (2 oz.). This easy and safe procedure 
is commonly done in Cesarean births, and in infants 
of diabetic mothers. 


B. Mechanical and Developmental Anomalies 
1. Nose 


Choanal Atresia 
Unilateral: Accumulation of tenacious mucus in nostril, 
respiratory distress and feeding difficulties. The diagnosis 
is confirmed by passing a catheter or probe into the nostril, 
and instilling a radiopaque oil. 


Bilateral: Infant fails to open its mouth to breathe, and will 
suffocate unless an oropharyngeal airway (Guedel rubber 
or Berman |Emergency Kit Corp.] plastic) is inserted. A 
tracheotomy is usually necessary. 

Types of Atresia: 

Sheehan and Swanker* have made a schematic diagram 
showing location of typical membranous and osseous oc- 


clusions. 


a) Membranous atresia (10 per cent of cases). They may be 
ruptured with a metal probe, eustachian catheter or tro- 
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Fig. 1—Case 1 (D.S.). Transpalatine approach for choanal atresia. 
The completed operation. 


car; Or cruciate incisions may be made in the membrane, 
the central part of which may be excised. 


b) Osseous atresia (90 per cent of cases). One of the most 
satisfactory methods of surgical correction is to remove 
the atresic bone by the transpalatine approach, and to 
do a partial posterior septectomy. To date, we have 
done this procedure with gratifying results on five in- 
fants and children (aged 4 months, 16 months, 9, 9! 
and 10'% years). 


Case 1. (D.S.) A female infant was found to have excessive nasal discharge, 
and difficulty nursing. An x-ray taken at the age of nine years showed an osseous 
atresia of the right nostril, as demonstrated with lipiodol. Figure 1 shows the 
method of transpalatine surgical removal of the atresic bone and part of the vomer 
(Aug. 4, 1955). 


2. Oro-pharynx 
Micrognathia (small lower jaw, hypoplasia of the mandible, 
or Andy Gump underslung jaw) is associated with glossop- 
tosis and occasionally a cleft palate. This syndrome (Pi- 
erre-Robin) commonly results in obstructive dyspnea, due 
to the tongue falling down over the epiglottis. A fair 
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Fig. 2.—Case 2 (T.R.). Micrognathia. 


number of these problem babies have been seen in the 
Children’s Orthopedic Hospital (Seattle, Washington). 


Case 2. (T.R.) This infant with a small lower jaw (Fig. 2) required a 
gastrostomy at two months for feeding purposes. At nearly 3 months of age a 
glossopexy was done by Dr. H. E. Coe in the manner recommended by Douglas.? Res- 
piratory difficulties necessitated a tracheotomy 4 days later. At six months decannula- 
tion was accomplished. Seventeen days later a revision of the glossopexy was done. A 
lateral neck x-ray (Fig. 3) showed obstruction still present. Ten days later it 


became necessary to reinsert the tracheotomy cannula. 


Case 3. (D.H.) This child was found to have micrognathia (Fig. 4), a 
posterior cleft palate, and a congenital heart. A tracheotomy was done at two 
months of age. Five days later Dr. H. E. Coe did a glossopexy with advancement 
of the tongue. Decannulation was accomplished at seven months. The child has 
required gavage feedings from birth. A lateral neck x-ray (Fig. 5) shows an 
excellent airway. There have been no further respiratory problems. 


3. Hypopharynx 
A Thyroglossal duct cyst may occasionally obstruct the 
hypopharynx. I have seen one small child with respiratory 
obstruction, immediately relieved by aspiration of the cyst. 
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Fig. 3.—Case 2 (T.R.). Micrognathia. Lateral neck x-ray shows 
obstructed airway by the tongue pressing against the posterior wall of the 
hypepharynx. 


A Lingual thyroid probably never causes obstruction, but in 
a 4-year-old child (Case 4, D.L.) it was considered in the 
differential diagnosis. Needless to say, the thyroid tissue 
should not be removed, as it may be the only thyroid gland 
the child has. In this case the radio-active iodine uptake 
was 16 per cent (the normal being 15 to 45 per cent). 


4. Larynx 
Clinical findings in laryngeal obstruction include: inspira- 
tory stridor, neck retraction, abnormal or altered cry, and 
restlessness (due to CO, retention). 


a) Epiglottis 
Chondromalacia: The epiglottis is soft and flabby, and 
its margins curl toward the midline. On inspiration, 
the flaccid folds are drawn in over the glottis. Treat- 
ment is expectant. Surgery is rarely indicated. 
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Fig. 4.—Case 3 (D.H.). Micrognathia. 


b) Arytenoids 
Laryngomalacia: The arytenoids and aryepiglottic folds 
are flabby, and act like vibrating flaps folding into the 
glottis on inspiration, giving an audible inspiratory 
stridor. The folds may be composed of boggy redun- 
dant tissue. 
Treatment: Prone position and gavage. Surgical re- 
moval of edematous tissue is done in rare cases. 
c) Glottis 
1) Web, partial or complete. There may be a weak cry 
or aphonia. An infant with a complete web is indis- 
tinguishable from a stillborn. Treatment consists in 
incising the web, with subsequent dilatation. 


2) Vocal cord edema, hemorrhage and laryngospasm. 
Usually the result of strong throat suction and trauma 
by instrumentation. 
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48 hours. 
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Fig. 5.—Case 3 (D.H.). Micrognathia. Lateral neck x-ray shows a 


good airway. 


3) Vocal cord paralysis 


Unilateral. Treatment consists in gavage, and laying 
the infant on the uninvolved side. 


Bilateral. Immediate tracheotomy is indicated. 


Laryngocele and cyst of the laryngeal ventricle. The 
infant may be hoarse, have a weak cry or be aphonic. 
Treatment is surgical, i.e., excision or aspiration. 


Laryngeal or subglottic stenosis. The cry is clear, but 
there is an inspiratory crow or croupy stridor in sub- 
glottic stenosis. Treatment: Tracheotomy, occasion- 
ally followed by dilatation (using graduated sizes of 
polyethylene tubes). 


Case 5. (R.H.) A full term infant was found to have labored, inspiratory 
crowing respirations. Its color was pink only in oxygen. Laryngoscopy revealed a 
narrow subglottic opening. Dr. Julius A. Weber performed a tracheotomy within 


At 242 months I made an x-ray of the larynx by inserting a dental film 


into the cervical esophagus. This demonstrated the extent of the stricture. At 42 
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months the child suddenly expired. An autopsy disclosed a subglottic stenosis 
measuring 1 cm long. Only a tiny probe could pass through the stricture. There 
were seven heart anomalies. 


6. Lower Respiratory Tract 
Clinical findings of obstruction: expiratory stridor, normal 
or weak cry, intercostal and abdominal muscle retractions, 
and shallow, rapid or grunting respirations. 


a) Trachea and Bronchi 


1) Tracheomalacia 


Case 6. (D.M.) A 10 month old boy was found to have an audible inspira 
tory and expiratory stridor, made worse by respiratory infections and feedings. A 
tracheogram demonstrated the trachea to be one-half the normal lumen, smooth in 
calibre and devoid of cartilaginous rings (Dr. Byron H. Ward). Symptomatic 
treatment is currently effective. 


2) Tracheoesophageal fistula 


Case 7. (Baby A.) A full term baby was cyanotic at birth. Difficulty in 
swallowing was soon noted. A delay of three days occurred before the infant was 
transferred to the Children’s Orthopedic Hospital. On passing a catheter down the 
esophagus, complete obstruction was encountered. The first x-ray showed atelectasis 
and pneumonia. Lipiodol filled a blind esophagus (high atresia). A bronchoscope 
revealed a small fistula at the carina. Secretions were aspirated, tested with litmus 
paper, and found to be acid (indicating gastric regurgitation). The child was pre- 
pared for surgery, but died before the anesthetic was started. This case illustrates 
what happens when a diagnosis is delayed three days. Early surgical repair is 
imperative. 


3) Web or stenosis of trachea or bronchus 
These may be associated with a tracheoesophageal fis- 
tula. Treatment is by dilatation. 


b) Lungs 


1) Agenesis of a lung or lobe 


Case 8. (J.V.) A bronchogram is shown (Fig. 6) of an 8 month old child 
who was in and out of the hospital repeatedly with respiratory infections, laryngo- 
tracheobronchitis, and pneumonia. There is an agenesis of the right lung, with 
absence of the right main stem bronchus, and tracheal narrowing. No surgery is 
contemplated. 


2) Atelectasis 
a) Primary: Totally airless lung; non-expansion of 
the lungs after birth; found in all stillborns and 
liveborn infants who die before normal respira- 
Chest x-ray is characterized by a ground 


10 


tion. 





948 





WILLARD F. GOFI 





Fig. 6.—Case 8 (J.V.). Agenesis of right lung. Bronchogram shows 
absence of right main stem bronchus, and an opacity of the entire right lung. 


b) 


c) 


glass appearance. The heart is invisible as there is 
no air to outline its margins. There is typically a 
bell-shaped thorax. Bronchoscopy is contraindi- 
cated. 

Secondary: “Expansion of the lung is completed 
practically with the first breath.”’' The alveoli 
subsequently collapse, producing an airless state. 
This is the finding at necropsy in almost all infants 
who die in the first few weeks of life.’ Inflation 
by positive pressure may be helpful. 

Resorption atelectasis with hyalin-like membrane.” 
Occurs particularly in premature and Cesarean 
babies. Treatment is prophylactic, i.e., gastric 
aspiration, avoidance of oxygen, etc. 
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Fig. 7 —Case 10 (Baby C.). Bronchial obstructive atelectasis in a 
three-pound seven-ounce premature. 
X-ray shows atelectasis with shift X-ray 2 days later, after 
of mediastinum to the right. aspiration. 


d) Bronchial obstructive (Aspiration) 
During the past 19 years I have encountered six 
cases which needed aspiration. All six survived. 


Case 9. (Baby G.) A full term baby was born following a premature 
separation of the placenta. Meconium was aspirated, and the infant became dusky, 
cyanotic, and had rapid breathing. The first x-ray showed emphysema and a 
patchy atelectasis. Suction of the tracheobronchial tree with a Samson-Davis aspira- 
tor yielded 4cc of meconium. The breathing promptly improved. A second x-ray 
four days later showed the clearing of the lungs. 


Case 10. (Baby C.) A three-pound 7-ounce premature infant early devel- 
oped a respiratory infection, and aspirated milk. The first x-ray (Fig. 7) revealed 
atelectasis of the right lung, with shift of the mediastinum to the right and elevation 
of the right leaf of the diaphragm. The tracheobronchial tree was aspirated with 
recovery of 2.5 cc mucoid clumped secretion, following which, oxygen insufflation 
was done. Two days later the x-ray showed improvement. 


3) Lobar emphysema 
This may be idopathic, the result of a positive pres- 
sure machine, or be secondary to bronchial stenosis, 
bronchomalacia, or a web. Treatment may require 


lobectomy. 
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4) Lung cysts 
These may be solitary or multicystic. Treatment is 
usually expectant, rarely aspiration or surgery. 


5) Pneumonia 
This is usually an aspiration pneumonia. Treatment 
includes tracheobronchial aspiration and chemother- 


apy. 


I. 


OBSTRUCTION OUTSIDE THE RESPIRATORY TRACT 
CAUSED BY EXTERNAL PRESSURE 


A. Cervical 
Cystic hygroma. Treatment is by excision. A tracheotomy may 


be necessary. 


B. Pulmonary 
Pneumothorax and pneumomediastinum 
This may result from a tight fitting face mask, and never from 
an open casting mask (i.e., Kreiselman). Positive pressure, with 
or without a catheter, may result in a blowout or emphysema. 
When the alveoli rupture, air may dissect into the mediastinum. 


Case 11. (Baby T.) A patient of Dr. Robert A. Tidwell, following positive 
pressure by mask, developed a left sided tension pneumothorax on the second day of 
life. Air was removed by needle from the chest cavity on two successive days. Eight 
days later an x-ray showed the lung fields clear. 


C. Pleura 
Hydrothorax 


CasE 12. (M.) A term baby was found to be cyanotic out of oxygen. 
Chest x-rays disclosed considerable atelectasis of both lungs. An endotracheal tube 
was inserted by an anesthesiologist. A breathing bag was vigorously squeezed for 
about three hours, at which time a second x-ray showed hydrothorax and pneumo- 
thorax. A needle was inserted in the left pleural cavity, with recovery of 105 cc 
of amber fluid. A diagnostic thoracotomy disclosed an agenesis of the left lung. 
The infant expired after 6% hours. An autopsy confirmed the aforementioned 
findings. 


D. Diaphragm 


1. Diaphragmatic hernia 


Case 13. (Baby McG.) A full term baby had a dusky cyanosis and weak cry 
at birth. An x-ray taken on the first day disclosed atelectasis, absence of gas in the 
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bowel, and a Levine tube displaced to the right. There was a question of a cyst 
or diaphragmatic hernia in the left chest. Needle aspiration yielded 25 cc air and 
6 cc brown secretion which tested strongly acid. A thoracotomy was done and 
stomach and bowel were found in the left chest cavity. These were replaced into 
the abdominal cavity and the rent in the diaphragm repaired. The infant expired 
the same evening. An autopsy disclosed a blood clot obstructing the carina. 


2. Paralysis or eventration of the diaphragm 
Unilateral paralysis may be due to phrenic nerve injury fol- 
lowing a difficult delivery. Recovery is the rule. 


E. Cardiovascular 
A vascular ring (resulting from a persistent aortic arch, aberrant 
left pulmonary artery or other vascular anomaly) may com- 
press the trachea, or both the trachea and esophagus. The diag- 
nosis may be suspected by the fact that crying and exertion 
intensify the cyanosis (which is uncommon in pulmonary path- 
ology). There is commonly an inspiratory and expiratory 
wheeze. A tracheogram and esophagram aid in the diagnosis. 
The treatment is surgical correction of the vascular anomaly, 
i.e., ligation or division of the vessel. A tracheotomy may be 
necessary. Extubation may require months, and the trachea 


may need dilatation. 


F. Abdominal 
1. Overdistended stomach 
Oxygen from a tight fitting face mask usually finds its way 
into the stomach. Gastric decompression by means of a 
catheter (10 Fr) helps reduce pressure and splinting of the 
left leaf of the diaphragm. 


2. Meconium peritonitis 


Case 14. (Baby F.) A newborn was found to have an ashen gray color, and 
shallow breathing—not improved with oxygen. The abdomen was markedly dis- 
tended. Fluoroscopy disclosed a high diaphragm with almost no movement, and 
considerable atelectasis. Dr. Alexander H. Bill, Jr., did an exploratory laparotomy 


and found 150 to 200 cc green meconium in the peritoneal cavity, and a 2 cm tear 
in the lower cecum. The meconium was removed, and a cecostomy performed. 


Within 30 minues the child’s color improved. An x-ray at three days showed the 
diaphragm down and the lungs expanded. The child made an uneventful conval- 
escence. This case of a ruptured bowel, liberating meconium and gas, caused an 
elevation and splinting of the diaphragm until corrected by surgery. 


CONCLUSIONS 


The high infant mortality in the first 24 hours of life is a chal- 
lenge to the physician. By the wider use of the x-ray and the many 
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diagnostic instruments available countless lives can be saved if an 
early, exact diagnosis is made, and appropriate therapy instituted. 


All too frequently “respiratory distress” is dumped into the 
waste basket of immaturity, anoxia or atelectasis; and the nurse is 
instructed to pour on more oxygen or give a shot of penicillin. 


The otolaryngologist is primarily an “obstruction remover,” and 
he may play an important role in the resuscitation of the newborn 


infant. 


1215 4TH Ave. 
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THE EFFECT OF PREOPERATIVE RADIATION 
ON SUBSEQUENT SURGERY 
IN CARCINOMA OF THE LARYNX 


WiLLtiAM M. TrisBLe, M.D. 


WASHINGTON, D.C. 


The treatment for carcinoma of the larynx is either surgery or 
irradiation; the modalities are combined only in the event of failure 
of the method first attempted rather than any planned pre- or post- 
operative irradiation. Postoperative treatment is usually limited to 
those patients with proven recurrence, or in whom the surgeon feels 
clinically he did not remove all the disease. The objections advanced 
to routine postoperative radiotherapy are these: 1) the impairment 
of circulation subsequent to surgery limits one of the tumorcidal 
mechanisms of the roentgen ray, 2) the devitalized tissue will not 
accept as large a skin dose without breakdown, hence it may be impos- 
sible to reach a tumorcidal level, and 3) the disease may have already 


been spread by surgical manipulation. 


Any routine of preoperative radiation may be objected to for 
the following reasons: 1) it delays definitive surgical treatment, 
2) postirradiation edema makes it difficult to identify residual disease 
with frequent direct laryngoscopies and biopsies being required, 
3) operative difficulty is felt to be greatly increased by more bleeding, 
distortion of cleavage planes, and the difficulty of distinguishing be- 
tween radiation and tumor changes at the table, 4) increased post- 
operative morbidity, especially wound complications, and 5) doubt as 
to any increase in the salvage rate by combining the modalities. 


It is the purpose of this paper to discuss briefly the effect and 
types of irradiation and present 14 patients who had surgery following 

The effect of irradiation varies slightly with the method used, 
but essentially the transfer of energy causes a direct ionizing action 
radiotherapy. 


Read at the Sixth International Congress of Otolaryngology, Washington, D.C., 
May, 1957. 
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on the cells. This causes an impairment of cell activity followed by 
a degeneration of the cells. The more numerous the mitoses, the more 
sensitive the tissue to this action. For this reason, the protracted frac- 
tional dosage technique of Coutard which strikes all the cells in their 
mitotic phase, minimizes the development of radioresistance. 


Radiation evokes a classical inflammatory reaction in the tumor 
bed. The resultant fibrosis and endarteritis narrows or occludes the 
lumens of the blood vessels and lymph channels. This furthers the 
degeneration of the tumor, and is said to minimize the likelihood of 
metastasis. From this action the advocates of preoperative irradiation 
claim a tumor may be made smaller (hence more resectable), and the 
likelihood of metastasis by surgical manipulation minimized. And 
from the sequelae of the inflammatory reaction come most of the 
wound complications. 


Prolonged high voltage radiotherapy on the skin causes an ery- 
thema and epidermitis with occasional ulcerative breakdown. Some 
permanent bronzing often follows healing. To minimize the destruc- 
tive effect on the skin, cross-firing techniques are used. In a few 
centers, equipment for rotational therapy which gives the least skin 
damage are available. About 3600 roentgens skin dose given through 
two portals over five to six weeks can deliver 7000 r tumor dose to 
the larynx with high voltage (200-250 kv) equipment. With grid 
therapy, which shields islands of skin, over 10,000 r may be given 
to the same area. The newer supervoltage machines (2 million volt), 
the cobalt “bomb,” and the neutron generating cyclotron, are even 
more penetrating with less skin damage. It is debatable if this higher 
strength is necessary in treating the larynx. Binkley’s results with a 
§00 kv machine’ are about the same as those with a 200 kv machine 
in other series. Radiotherapists I have spoken to at the Manhattan 
Eye, Ear, and Throat Hospital do not feel results will be much im- 
proved by supervoltage in this area. However Low-Beer® in a report 
on 157 patients treated with 200 kv, 1 million volt, and neutrons 
from a cyclotron, states that the superiority of supervoltage therapy 
in laryngeal carcinoma is “beyond debate.” 


The effect of therapy on the mucous membranes is an epithelitis 
with desquamation and occasional ulceration. After a transient 
hypersecretion, marked dryness of the mouth appears. 


Perichondritis and chondronecrosis of any of the laryngeal car- 
tilages may develop even years after therapy. Marked persistent edema 
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over the arytenoid may obscure both direct and indirect laryngoscopy, 
making identification of the state of the disease difficult. 


Radiosensitivity depends on the degree and stage of mitosis, being 
greatest in the grades 3 and 4 (Broder’s) lesions, which paradoxically 
are the least radiocurable. Radiocurability depends on the location and 
extent of the lesion, and the presence or absence of metastases. 


Patients with local infection, debilitating systemic disease, alco- 
holism, and those previously treated either by surgery or x-ray, respond 
poorly and are better treated by surgery when feasible. 


REPORT OF CASES 


The first patient will be presented in some detail as he typifies 
the difficulties encountered in treating the postradiation patient. The 
other 13 patients will be presented briefly and then compared with 39 
other patients treated at the same hospital in the same interval, but 
not receiving radiotherapy. 


Case 1. R.M., a 51 year old male, was given a full course of 
radiotherapy beginning in June, 1956, for a carcinoma limited to a 
questionably movable right true cord, and when seen in October, 1956, 
his voice had almost cleared and there was no visible tumor, but per- 
sistent right arytenoid edema. In February, 1957, his voice became 
more hoarse, but only edema could be seen. In March a small tender 
mass appeared over the right thyroid cartilage, thought to be a thyroid- 
itis and possible radionecrosis. A biopsy from a papillomatous area at 
the site of the original tumor was reported as “inflammatory tissue.” 
The patient was placed on antibiotics with transient improvement, but 
within two weeks the right thyroid mass had increased in size four 
times. A planigram was valueless. Another direct laryngoscopy was 
performed with the hope of getting a specimen from the ventricle, but 
the patient became totally obstructed and no pathology could be 
seen because of the edema. Four days later the patient was scheduled 
for a laryngectomy and neck dissection pending a positive frozen sec- 
tion on the neck mass. An incision over the mass released 15 cc of 
purulent necrotic material. The frozen section on the abscess wall 
was reported as inflammatory, no tumor cells. It was my feeling at 
this time that the patient had a radionecrosis and thyroid abscess, 
and I was loathe to proceed with a laryngectomy in the presence 
of so much infection, and the absence of a positive biopsy. A drain 
was inserted and a low tracheotomy performed. Two days later the 
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regular sections of the abscess wall showed carcinoma. Five days 
later in April, 1957, a laryngectomy and neck dissection was finally 
performed, discarding about 12 square centimeters of skin from around 
the previous incision. On examining the specimen, the right ventricle 
was full of carcinoma in its lower half, directly extending into the 
neck mass, without any apparent lymph nodal involvement. Despite 
removal of the skin, good primary closure was made by shifting the 
flaps. The wound looked healthy and the flap edges viable to finger 
pressure until the seventh day when retraction of the skin edges began 
in the lower, radiated region, and a large wound breakdown occurred, 
saliva appearing on the tenth day. With pressure dressings the salivary 
fistula closed, and after pinch grafting, the patient was discharged on 
the 40th day. 


The next 13 patients are all from the Tumor Clinic of the Man- 
hattan Eye, Ear and Throat Hospital. All received radiotherapy 
prior to laryngectomy. For comparison, 39 other patients operated 
on in the same 1951-1955 interval are used. All surgery was per- 
formed by the resident or fellow on the Tumor Service, with Dr. 
Daniel Cunning, Dr. Alec Conte, Dr. John Goodner, or Dr. Charles 
McPeak in attendance. 


CasE 2. §S.D. with a true cord lesion had an emergency trach- 
eotomy and three biopsies in the seven months prior to laryngectomy. 
The patient was discharged on the 13th day; there have been three 
revisions of tracheostome since discharge. 


Case 3. T.L. had three biopsies in the six months prior to a 
laryngectomy for a right cord lesion. He was discharged on the 27th 
day after delayed wound healing. 


Case 4. C.C. had a recurrence of a left cord lesion one year 
after therapy. There was no fistula, but wound breakdown began on 
the seventh day after laryngectomy. A secondary closure was effected 
and the patient was discharged with a 3x3 cm defect on the 45th day. 


Case 5. W.B., whose supraglottic edema obscured any view of 
his right true cord, finally had a positive biopsy six months after 
therapy. A fistula developed on the fourth day after laryngectomy, 
and despite two attempted closures, was still present when the patient 
expired 168 days later of a bleeding duodenal ulcer. 


Case 6. S.D. developed obstructive dyspnea three months after 
therapy for a right true cord lesion. A positive biopsy was obtained 
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from the opposite cord. A transient submental fistula developed after 
laryngectomy and the patient was discharged on the 29th day. 


Case 7. S.H. had a positive biopsy three months after therapy 
for a lesion of the laryngeal surface of the epiglottis. A transient 
fistula occurred after laryngectomy and the patient was discharged 
on the 48th day after operation. 


Case 8. J.L. had an emergency tracheotomy and biopsy eight 
months after therapy for an anterior commissure lesion. There was 
poor wound healing and a transient esophageal fistula. The patient 
was discharged on the 56th day. 


The next six cases all had laryngectomies and simultaneous neck 


dissection: 


Case 9. B.M. received grid therapy to a massive lesion arising 
in the pyriform sinus with cervical metastases. Three direct laryn- 
goscopies failed to reveal any tumor in the throat, and the patient 
was operated on ten months after therapy because of persistent pain. 
There was a postoperative necrosis of all the flap marked by the grid, 
but no fistula. He was discharged on the 30th day and readmitted 
two weeks later for skin grafting. Seventeen days after grafting 
there was a carotid bulb hemorrhage successfully ligated; however the 
patient became comatose and expired 11 days later. There was no 
tumor at the site of hemorrhage, which presumably came from trauma 
and arteritis of the carotid which was protected only by a split- 
thickness graft. 


Case 10. T.D. had six direct laryngoscopies in the seven months 
after therapy for a right true cord lesion, without any visible tumor 
to biopsy. A laryngectomy and neck dissection was done because of 
obstructive dyspnea. There was necrosis, tumor, and abscess in the 
left thyroid. A transient fistula developed and the patient was dis- 
charged on the 46th day. 


Case 11. F.deL. had an emergency tracheotomy four months 
after grid therapy for a right arytenoid lesion. There was a massive 
wound break-down, and hemorrhage from the carotid artery occurred 
on the 12th day after laryngectomy and neck dissection. Ligation 
was successful, but coma and death supervened on the 27th day. 


CasE 12. M.M. was operated on two years following radio- 
therapy and tracheotomy at another hospital for a primary in the 
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TABLE I 


TOTAL LARYNGECTOMIES 


WITH PRE-OP. X-RAY WITHOUT X-RAY 
Blood Used: 
1500 cc x 
1000 cc XXX XXXXXXX 
500 cc x 
Time Required: 
4 hours x XXX 
xx 
XX 
3 hours x x 
x x 
XX XX 
2 hours x 


pyriform sinus. The wound flaps were intact when the patient had a 
fatal carotid hemorrhage on the 16th day. 


Case 13. M.B. was operated on one month after completing 
therapy for a laryngeal surface of the epiglottis lesion. Wound heal- 
ing was prolonged and the patient was discharged on the 30th day 
with a draining sinus which closed two weeks later. The visible tumor 
mass in this patient had shrunk considerably under therapy. 


Case 14. C.F., the only woman in this series, had received radio- 
therapy for a toxic goiter 12 years prior to the diagnosing of a right 
pyriform sinus lesion. Despite marked atrophy of the skin and 
telangiectasia, her course following laryngectomy and neck dissection 
was uneventful and she was discharged on the 21st day. Presumably 
for her toxic goiter, she received less than a tumorcidal dose. 


COMMENT 


Comparing the operative difficulty of radiated and “fresh” cases 
is difficult. Perhaps the gross distinction between radiation effect and 
neoplasm when actually excising the lesions is the greatest problem. 
It is impractical and unsatisfactory to do a frozen section on every 
bit of edematous, hard or discolored tissue, or pharyngeal wall. Many 


surgeons also feel that bleeding is increased and that dissection is tech- 
nically more difficult. 
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TABLE Il 
TOTAL LARYNGECTOMIES WITH NECK DISSECTION 





WITH PRE-OP. X-RAY WITHOUT X-RAY 
Blood Used: 
4000 cc x 
3000 cc xx 
XX XXXXXXXXX 
2000 cc xX XXXXX 
x Xx 
1000 cc x 
Time Required: 
8 hours x 
x 
7 hours 
XXX 
6 hours x XX 
xX XXX¥XX 
§ hours xx Xx 
x 
4 hours x xx 


I have taken the amount of blood given and the time required 
for the operation, as indices of its difficulty; and the date discharged 
as an index of postoperative morbidity. As a control series I have 
chosen the unirradiated cases operated on in the same interval. The 
comparison is made between total laryngectomies, and between total 
laryngectomies with simultaneous unilateral neck dissection. Those 
in the same interval with bilateral neck dissections, or cervical esopha- 
gectomies, have been excluded. These are all teaching cases so the time 
of operation is somewhat greater than had the attending surgeon him- 
self operated. Some of the figures for blood and time were not obtain- 
able, hence do not appear. 


Table I shows that slightly less blood and time were required for 
the irradiated cases in the two series of laryngectomies only: 900 cc 
average as compared with 1060, and two hours and 40 minutes as 
compared with three hours and 20 minutes. This small series, of 
course, is not statistically significant and a more true impression is 
gained by scanning the table, rather than averaging. 


Similarly, Table II shows that for laryngectomies with simul- 
taneous neck dissection, slightly less blood was required for the irradi- 
ated cases, averaging 2000 cc as compared with 2400, and five hours 
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TABLE III 
TOTAL LARYNGECTOMIES 





WITH PRE-OP. X-RAY WITHOUT X-RAY 
Discharged: 
60th day x x ‘diabetic) 
x 
50th day x 
x 
40th day x 
x 
30th day Xx x 
XX 
20th day XXXXXX 
x XXXX 


and nine minutes as compared with five hours and 40 minutes. If 
this is not an artifact from the short series, and truly less blood and 
time are required for an irradiated patient, an explanation might be 
the obliteration of the many small vessels by the therapy, therefore 
less blood loss and less time spent clamping and tying. 


A comparison of the postoperative hospital stay in the two series 
shows an average 28 day stay for the laryngectomies as opposed to 40 
days for those receiving prior radiotherapy (Table III). For those 
with simultaneous neck dissection, the postoperative stay was 32 days 
in the irradiated, as opposed to 25 days in the unirradiated (Table IV). 
The death is not included in the average. 


At the IV International Congress of Otolaryngology in 1949, 
Huet’ reported his experience with 23 laryngeal operations after radio- 
therapy failure. In six partial laryngectomies, there was no delay 
in healing, but in 17 total laryngectomies, there were seven instances 
of delayed healing. He recommended limiting radiation to 7500 r, if 
surgery is contemplated. 


The two grid therapy patients (Case 9 and Case 11) who received 
over 10,000 r in this manner, both died from carotid hemorrhage 
without any apparent residual tumor. It is felt that some upper limit 
should be agreed upon, and if it is exceeded for palliation, the patients 
should not be subjected to later definitive surgery. 


The prevention of carotid hemorrhage in wound breakdown 
following radiation and surgery is a subject in itself, recently exten- 
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TABLE IV 
TOTAL LARYNGECTOMIES WITH DISSECTION 





WITH PRE-OP. X-RAY WITHOUT X-RAY 
Discharged: 

x 

40th day XXX 
x 

30th day Xx XXX 

x xx 
20th day x XXXXXXXXX 

x (died) x 


sively treated by Conley.’ Incisions should be planned so that if some 
separation along the flap edges occurs, the carotid will not be exposed. 
If it does: become exposed in the postoperative period, it should be 
covered with full thickness skin as soon as possible, preferably by 
rotating or advancing a flap in the vicinity. In Case 9, there was an 
intact split thickness graft, over the carotid which gave inadequate 
protection and nourishment and a fatal arteritis developed. 


Som® in 1951 reported a series of 33 laryngofissures following 
radiotherapy failure, in two of whom the initial lesion would have 
required a laryngectomy; in another, only the epiglottis was removed 
when the preradiation lesion would have required a laryngectomy. 
In several patients above a shrinkage of the tumor was noted, but 
in no cases was it possible to do a lesser procedure. 


CONCLUSIONS 


1. Radiotherapy in conventional dosage (7000 r to larynx) ad- 
ministered by the Coutard method, and through two portals, does not 
adversely affect the performance of a laryngectomy, with or without 
neck dissection after an interval of six months. 


2. Wound healing is delayed, increasing hospital stay, and fre- 
quently plastic procedures are required. 
3. After higher dosages of x-ray, radionecrosis should be antici- 


pated. 


4. The addition of a neck dissection to a laryngectomy does not 
increase the increment added to the hospital stay by previous radio- 
therapy. 
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§. The place of routine preoperative radiotherapy, or a “trial of 
radiotherapy” could only be determined by a long follow-up of a long 
series. Patients in whom inoperable lesions have been rendered oper- 
able, or lesser surgical procedures could be performed, following 
therapy, with five year survival, are so rare as to warrant separate 
case reports. It is felt that the increased cost in time and money to 
the patient of six weeks of radiotherapy, followed by six months of a 
dry throat, edema of the arytenoids, difficulty in determining if disease 
is still present, even on direct laryngoscopy, and followed by surgery 
with difficult recognition of disease extent and increased postoperative 
morbidity, can only be justified by a marked increase in salvage rate. 


It is my personal feeling that radiotherapy has a place in treatment 
of early lesions of the freely movable true cord, but the borderline 
cases with questionable motility, or questionable extension subglotically 
or into the ventricle are better spared the “trial of radiotherapy” which 
in my experience has always turned out to be a full course with diffi- 
culties mentioned above. 


1150 CoNNeEcTicuT Ave., N.W. 
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SUDDEN PERCEPTIVE DEAFNESS 
AND VIRAL INFECTION 


(RE PORT OF THE FIRST 


ONE HUNDRED PATIENTS) 


H. A. E. van DisHoeck, M.D. 
AND 
TH. A. BreRMAN, M.D. 


LEYDEN, HoLLAND 


As a rule perceptive deafness develops gradually without sudden 
deteriorations or sudden improvements. Apart from deafness due to 
trauma, labyrinthitis, bacterial infections and intoxications an impor- 
tant exception to this rule is Méniére’s disease. Here important 
changes of the hearing acuity during and after the attacks are very 
common. However, in this disease too, the basic deafness develops 
gradually as the result of many attacks. This study deals with 100 
patients not suffering from Méniére’s disease, in whom suddenly or 
in the course of some days an unilateral or bilateral perceptive deafness 
developed, their hearing being previously normal or at least stationary. 
Mostly these patients were not, or only slightly, ill; in some of them 
fever and even a benign meningitis existed, but a fatal ending never 
occurred. Tinnitus and dizziness are frequently present. 


Studies on sudden perceptive deafness are scanty and for the 
greater part deal with a very small number of cases. The authors 
differ too in the selection of their material. In some studies Méniére’s 
disease and neurological diseases are included; in others, all cases in 
which the origin is known are excluded. 


De Kleyn’’ admitted for 2 cases with bilateral deafness a central 
vascular origin. In his remaining 19 unilateral cases the same origin 


From the Ear, Nose and Throat Department of the Boerhaave Hospital of the 
University of Leyden, Holland. 


Read at the Sixth International Congress of Otolaryngology, Washington, D.C., 
May 1957. 
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was considered, mainly because any evidence of a peripheral cause was 
absent. On the contrary, Lindsay and Zuidema"’ accepted for 12 of 
their 16 cases a peripheral vascular or toxic lesion. One case developed 
reported 18 cases of unilateral 


together with mumps. Rasmussen’” 
sudden deafness collected during 15 years. In 3 of his patients suffer- 
ing from arteriosclerosis with hypertension, the most probable cause 
was a bleeding or a thrombosis in the cochlea; in the other patients 
he considered a neuritis. The spinal fluid was examined in 10 patients 
and in one of them excessive albumen proved to be present. 

According to Fowler® psychosomatic disorders were present in 
most of his 26 patients. Through the mechanism of vascular contrac- 
tion, blood sludging or congestion ending in anoxia and leakage from 
capillaries, psychic disorders might cause sudden deafness. However, 
out of § patients examined for sludging only 1 showed this phenom- 
enon distinctly. Moulonguet and Bouche’ observed a case of sudden 
unilateral deafness a few hours after the injection of ‘“orthobiotic 
serum.” On the supposition that an arteriolar spasm might be the 
cause, sodium nicotinate was intravenously injected. A complete 
recovery occurred in a few hours. A similar success with Ronicol® 
intravenously administered was reported by Sischka’* in § cases. On 
the supposition that an allergic hydrops of the labyrinth might be the 
cause, Fuchs and Almour‘ injected epinephrine in one patient with 
some success, and prescribed the elimination of allergens. 


Analogous to the changes in hearing acuity in Méniére’s disease, 
Mygind"® suggested that perhaps a sudden rise of pressure in the laby- 
rinth might be present. In one patient the hearing became normal on 
a dehydration treatment. Hereafter, because of the decompressive 
effect, Opheim™ carried out fenestration operation in 3 cases, leaving 
the ossicular chain intact. Hearing improved a little, but not to a 
serviceable level. Only in 1 patient the fluid was found to be under 
pressure. Sacher'® reported § cases in which he supposed a cochlear 
bleeding to be the cause of deafness. With the exception of a pregnant 
woman all of them recovered completely. Saltzman and Ersner,’* and 
also van Caneghem,” stated, each in 3 cases, that a thrombosis of the 
inner-ear vessels might be a possible cause. 


In an extensive study from the Mayo Clinic, Hallberg* reported 
178 cases of sudden perceptive deafness. In 89 cases a vascular acci- 
dent and in 56 cases Méniére’s disease seemed to be the underlying 
cause. Seventeen patients could not be classified under these two 
headings. 
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In 1956 Bocca and Giordano’ published 28 cases in which the 
deafness occurred after a recent exposure to draught or cold or in 
the course of an influenza or common cold infection. Based on the 
facts that recruitment was not found in any of the § patients examined 
and that the caloric reaction was absent in 19 patients, they concluded 
that a neuritis of the VIII cranial nerve must be the underlying cause. 
As does Svane-Knudsen’® who examined 21 patients, Bocca and Gior- 
dano presume that the process must be very similar to that causing 
Bell’s palsy. 


In 1955 we stated that sudden perceptive deafness is a symptom 
of different diseases. We reported that in nearly half of 17 patients 
mentioned in that paper a virus infection was probably the cause. 


Later on Heller and Lindenberg’ reported § patients in which 
also a virus infection was mentioned as a probable cause, as all of them 
suffered from head colds. Meanwhile, on studying more than 100 
cases, we still believe that our first statements hold true. 


MATERIAL 


Sixty-six patients were observed in the Leyden University Hospi- 
tal. For the other 34 patients we are grateful to colleagues who sent 
us detailed information with the help of a questionnaire. In those 
patients who were observed soon after the onset of their deafness, the 
blood, the spinal fluid, the feces, etc. could be examined with the 
assumption of a virus as the underlying cause. In the remaining 
patients conclusions must be based on a history of a feverish illness, 
such as a benign meningitis and a head cold or a close contact with 
patients suffering from an illness caused by a neurotrope virus. 


Our subjects consisted of 60 males and 40 females. The age 
distribution showed a small cipher for the group under 20 and a 
remarkably equal cipher up to high age. Males are more often affected 
than females. Unilateral deafness occurred in 83 patients, bilateral in 
17 only. 


SYMPTOMS 


The symptoms that may accompany, precede or follow deafness 
are fever, tinnitus, dizziness, headache and vomitus. 
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TABLE I 


AGE AND SEX DISTRIBUTION IN 100 PATIENTS SUFFERING 
FROM SUDDEN PERCEPTIVE DEAFNESS 





MALE} FEMALES 

AGE IN YEARS UNILATERAL  BILATERAI UNILATERAL  BILATERAI TOTAI 
0-10 1 + 3 1 9 
10-20 4 4 
20-30 6 2 7 1 13 
30-40 10 2 s 20 
40-50 9 3 8 20 
50-60 11 l 6 1 19 
60-70 10 2 1 13 
70-80 l l 2 
Total 48 12 35 5 100 


Deafness may begin very suddenly as a stroke or a bolt from the 
sky. A stenographer was unable to continue his work in the middle of 
a speech. A mother waiting for her children heard the clock at a 
quarter to eleven and not any more at eleven. More often the deaf- 
ness developed in the course of an hour, a day or even some days. Some 
patients noticed their deafness on awakening. Generally speaking a 
bilateral severe loss is always noted as soon as the serviceable level for 
speech is exceeded, whereas the detection of an unilateral loss more 
often depends on the patient’s attention and on chance. A patient 
may notice his deafness when using the telephone or in bed when his 
good ear is buried in a pillow or because his directional hearing is 
disturbed. Most probably in children and even in adults many cases 
of slight unilateral sudden perceptive deafness are not noticed at all. 


Fever was present or reported in 26 patients. As will be discussed 
later on, serological tests demonstrated evidence of a contact with a 
virus in 20 out of these. In addition 14 patients, on whom serological 
tests could not be done and temperatures were not taken, reported a 
severe head cold during the onset of their deafness. In these patients 


a virus infection is probable too. 


Tinnitus was present in 69 patients. Very often, this symptom 
drew the attention of the patient to his deafness. In the severe bilat- 
eral cases a roaring tinnitus may be present. In 14 patients the tinnitus 
was present before the deafness, proving that the illness had already 
started before deafness was noted. In 49 patients tinnitus and deafness 
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were noticed simultaneously and only in § patients the tinnitus ap- 
peared some days after the onset of the illness. As tinnitus is the 
expression of a cochlear lesion, it is remarkable that in 31 patients 
this symptom was absent. Perhaps in these patients an extracochlear 
lesion should be considered. However, we know that in acoustic 
trauma tinnitus may be absent too, notwithstanding a cochlear lesion. 
In about one-half of the patients suffering from tinnitus at the onset, 
this symptom disappeared in one month, in the other half the tinnitus 
remained for a considerably longer time or even did not disappear at 
all. Occasionally patients are more alarmed by their tinnitus than by 
the deafness. 


Dizziness occurred temporarily in 45 patients. In 17 patients 
this symptom was present before, and in 8 patients some days after 
the onset of deafness. Rotation of the surroundings, as is common 
in true vestibular vertigo, was reported only in one case. Spontaneous 
nystagmus was seen three times, viz., in a case of mumps meningitis, 
in one case of hypertension and in another one which was probably 
caused by a vascular spasm. 


Only 21 patients suffered from headache, 6 of them as an early 
symptom before the deafness was noticed. Vomitus occurred in 11 
patients and in one-half of them as an early symptom. This fact 
proves too that the underlying cause in these patients is already 
present, before the deafness is perceived. 


AUDIOLOGICAL EXAMINATION 


In the 66 patients observed in the Leyden clinic, the examination 
of the ear drum revealed no particulars in 53, scars were seen in 11 
and perforation in 2 patients. Comparing the drum of the normal 
and the affected side, only in some cases a dull drum in the affected 
ear was noted. 


The pneumophone values measured did not differ from those in 
an arbitrary group of normal persons. Only in 14 patients a small 
negative pressure was found proving a slight tubal stenosis. One of 
them showed a slight hearing improvement after insufflation. Audio- 
metrical examinations were performed as soon as possible and fre- 
quently repeated as well during the illness as during the follow-up 
examinations. In 10 patients (questionnaire material) the whispered 
voice was the only test performed. Test for recruitment and deter- 
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Fig. 1.—Median curve of audiograms computed from 93 ears affected by 
sudden perceptive deafness. 
—. upper quartile ——_ median —...— lower quartile 


minations of the vestibular reactions were performed in as many 
patients as possible. It must be considered that in those patients who 
were examined a considerable time after the onset of their deafness, 
spontaneous improvement may have occurred. 


In 83 patients the process was unilateral and in 17 bilateral. Thus 
in total, 117 affected ears were studied. The hearing loss in the 
bilateral cases was nearly symmetrical in 11, and differed considerably 
in 6 patients. 


In 20 patients the hearing for lower tones up to 1000 cps was 
rather well preserved. In all patients the damage of the higher tones 
prevailed. 


Perceptive deafness may be the result of a damaged organ of 
Corti, of a damaged nerve or of a damaged centrum. The damage 
may be in all of them. Our possibilities to distinguish these conditions 
are limited to the determination of recruitment, speech discrimination 
and masking of the tinnitus. The interpretation of these tests is at the 
moment open to much discussion. 


The recruitment phenomenon was tested by means of the binaural 
loudness balance test and the dynamogram in 44 patients, 8 out of 
them suffering from bilateral deafness. 
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TABLE II 


HEARING LOSS IN 83 PATIENTS SUFFERING FROM 
UNILATERAL SUDDEN PERCEPTIVE DEAFNESS 





< 40 DB 40-80 DB > 80 DB 
4 38 41 
TABLE Ill 


HEARING LOSS IN 17 PATIENTS SUFFERING FROM BILATERAI 
SUDDEN PERCEPTIVE DEAFNESS 


The combination A and B occurred in 0, A and C in 1, B and C in 4 patients. 


HEARING LOSS a: < 40 B: 40-80 c: > 80 





Right ear l 2 2 
Left ear 2 3 
Symmetric 2 5 5 


The recruitment phenomenon being positive in 26 patients, we 
may conclude that in them at least a cochlear lesion existed, but per- 
haps also a nerve and central lesion. In those patients in whom the 
recruitment phenomenon was negative very probably the lesion is 
localized in the nerve or in the acoustic centers. In those cases the 
probability of a vascular disorder is smaller and the probability of a 
toxic degeneration or edema, as in neuritis and encephalitis, greater. 
In bilateral sudden perceptive deafness a generally working toxic 
agent is more probable than a vascular spasm or bleeding in the cochlea. 


In viral infection the occurrence of a positive recruitment 
phenomenon is remarkably high. Most probably in these patients 
the toxic lesion of the cochlea is predominant. 


VESTIBULAR EXAMINATION 


Caloric reactions with 10 cc water of 30° and 44° were elicited 
in 67 patients as soon as possible. 


It appeared that nearly one-half presented some lesion. Com- 
paring the group examined at the onset and those later on, it appeared 
that the number of lesions is about the same. In 31 patients suffering 
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TABLE IV 


RECRUITMENT PHENOMENON IN 44 PATIENTS SUFFERING 
FROM SUDDEN PERCEPTIVE DEAFNESS 


UNILATERAL BILATERAL TOTAL 








POS. NEG. POS. NEG. POS. NEG. PATIENTS 
Virus infection 10 3 3 0 13 3 16 
Vascular 7 6 0 l 7 7 14 
Others 5 5 l 3 6 s 14 
Total: 22 14 * 4 26 18 44 
TABLE V 


VESTIBULAR REACTIONS IN 67 PATIENTS SUFFERING 
FROM SUDDEN PERCEPTIVE DEAFNESS 


FIRST EXAMINATION FIRST EXAMINATION AFTER 


AT THE ONSET MORE THAN 1 MONTH TOTAL 
Not reactive 5 7 12 
Diminished reaction 8 5 13 
Hypersensitive l 1 
Preponderance ) 5 
Normal 21 15 36 
Total 40 27 67 


from viral infection 17 proved to have an abnormal vestibular reac- 
tion. This is about the same percentage as in the whole groupv 


ETIOLOGY AND PATHOGENESIS 


The object of this study is to detect, if possible, the etiology and 
pathogenesis of those cases of sudden perceptive deafness in which 
up to now the origin is obscure. Thus deafness due to trauma, laby- 
rinthitis, bacterial meningitis, Méniére, drug intoxications, bacterial 
infections, herpes zoster, parotis epidemica, etc. are excluded, because 
the etiology is known. As mentioned above most investigators agree 
that sudden perceptive deafness may be caused by several very differ- 
ent disorders. However, for the most part, etiology and pathogenesis 
are not clearly distinguished. 


Very often vascular disturbances as spasm and blood sludging 
as well as bleeding, thrombosis and embolism are accused. Evidently 
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such suppositions are based upon our knowledge of the pathogenesis 
of similar disorders in the brain, heart, legs, etc. Very probably 
occasionally every one of these causes may be present. For instance, 
in 12 older patients suffering from arteriosclerosis, we too are inclined 
to accept thrombosis, bleeding or embolism as the probable cause. 


Departing from the supposition that spasm and also arteriosclero- 
sis might be detected in the vessels of the retina, we had 48 patients 
examined in the ophthalmological department. It appeared that only 
in one case, a §1 year old male, the retina showed narrow vessels due 
to arteriosclerosis. Moreover it appeared that, if vascular spasm plays 
an important role, it can be expected that in a group of patients 
suffering from hemicrania, hypertension, dysbasia, etc. a ceftain 
number should report sudden changes in hearing acuity. It appeared 
however that none out of 85 patients examined for this symptom 
reported a sudden change in hearing acuity. 


In 15 of our patients the coagulation time of the blood was exam- 
ined. The result was a slight decrease of the heparine and prothrom- 
bine time in only 3 cases. In 21 patients in whom a very sudden onset 
suggested a vascular spasm we injected intravenously aminophyline 
240 mgr two times daily. Indeed a slight to moderate increase of 
the hearing acuity, audiometrically measured about half an hour after 
the injection, occurred in 12 of these cases, proving that spasm might 
play a role in the pathogenesis. 


Analogous to Méniére’s disease, increase of intralabyrinthine pres- 
sure is suspected as a cause of sudden deafness. So among 1270 
patients of the Mayo Clinic suffering from Méniére’s disease, Hallberg 
found a history of an onset with sudden perceptive deafness in 56. 
Thus inversely occasionally a sudden perceptive deafness may appear 
to be a case of Méniére. Only 3 of our patients, preliminarily included 
in our material, proved later on to suffer from attacks of true vestib- 
ular vertigo. For this reason they were excluded. We reasoned con- 
trary to Hallberg that Méniére’s disease, characterized by repeated 
attacks of rotatory vertigo and slowly developing deafness, is very 
different from the single attack of sudden perceptive deafness, even 
if a temporary spell of dizziness is present in the latter one. Consider- 
ing the fact that in Méniére’s disease the degree of vertigo and deafness 
does not run parallel, we admitted the possibility of a separate hydrops 
or edema of the semicircular canals (Méniére) and of the cochlea 
(sudden deafness). For this reason in 4 patients who suffered more 
than the others from dizziness, dehydration therapy was tried, how- 
ever, without remarkable success. 
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Emotional episodes as a cause of sudden perceptive deafness is 
mentioned by some authors. Indeed, 4 of our patients blamed their 
nervous strain as a probable cause. In § others distinct emotional 
factors were present. In one female patient Stenger’s test and the 
delayed speech test proved that the deafness was psychogenic. For 
this reason she was excluded from our material. In the remaining 8 
patients vasomotor disturbance on a psychosomatic base might be 
present. 


The probability that allergy is an important cause is slight. 
In asthma, hay fever and other allergic diseases, sudden deafness is 
never reported. In our material a history of allergy was present in 
only 2 patients. This is less than in the population as a whole, in 
which major allergy occurs in about 10 per cent. Anti-allergic treat- 
ment with Postafen® and Sandosten® was followed by an improvement 
in one of these 2 patients. 


VIRAL INFECTION 


In our material virus infections proved to be an important cause 
of sudden perceptive deafness. In 61 patients, who came within three 
months from the onset of their deafness a complete virological exam- 
ination of blood and cultures from the feces was performed. In 5 
only serological tests were performed. In addition in 44 out of them 
the spinal fluid was examined, too. 


Of these 66 patients there was evidence in 21 of a virus infection. 
This evidence consisted in a positive culture in 3 cases and in serologi- 
cal reactions, proving contact with one or more virus, in all other cases. 
The result was, for mumps 14 cases, for the influenza group 7 cases, 
and for the poliomyelitis group 7 cases (Table VII). Our investiga- 
tions were restricted to these three groups of virus. The fact that in 
some negative cases a benign meningitis was found and also that many 
patients reported a head cold at the onset points to the probability of 
other unknown or undetected virus infections as the cause of sudden 
deafness. 


A total of 28 positive tests were found in 21 patients. Four 
Columbia S.K. patients, suffering from benign meningitis, were seen 
as a small endemia in the winter of 1954. The following combinations 
of positive tests were established: 


a) In the Columbia S.K. cases, 3 also showed a positive mumps 
reaction and one in addition to mumps a positive influenza-B reaction. 
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TABLE VII 


RESULT OF DIFFERENT TESTS FOR NEUROTROPE VIRUS 
































VIRUS CULTURE | BLOOD LIQUOR |POSITIVE 
° sd ° = REACTIONS! 

MUMPS |ENDERS GUNST ° 14 | 52 ° 14 
SEVERAL A GROUPS| - - - 

INF LUENZA Shae : 

SEVERAL B GROUPS| - . 5 | 61 - 5 
POLIOMYELITIS 0 a 

POLIOMYELITIS = 1S : 

GROUPS COLUMBIA S.K 2 60 5 | 61 1 5 

COXSACKIE 2 60 0 | 66 2 























So in these patients it is difficult to decide whether one virus or a com- 
bination is responsible for the deafness, or if the immune bodies are 
related. 


b) In the mumps cases: one also a serological positive influenza-B 
titer, 4 as mentioned under a). 


c) In the influenza cases (2 type-A and 5 type-B). Two type-B 
as mentioned under a) and b). One type-A case was found in a 
patient who proved later on to suffer from a pontocerebellar tumor. 


The cerebrospinal fluid was examined in 44 patients, who came 
within three months from the onset of the deafness. Eight of them 
who were all examined during the onset of their deafness showed an 
increase of the albumen percentage, a slight pleocytosis, a positive 
Nonne and Pandy test and a disturbed benzoin and gold sol test. In 
all of these 8 patients a virus could be demonstrated. 


If all patients would have been examined during the onset of 
the disease, most probably the number of cases of benign meningitis 
would have been much greater. 


from parotitis shows that only occasionally a mumps reinfection leads 
to parotitis and also occasionally to deafness. This fact was established 
by Wolff*' in an extensive study. 


In a large group of normal persons, as well as in persons belonging 
to a family in which a case of mumps existed (contact persons), the 
serological evidence of a recent mumps infection was established by 
Wolff. Such an infection was assumed, if complement fixation titers 
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TABLE VI 
RESULTS OF THE CEREBROSPINAL FLUID EXAMINATION IN EIGHT 
PATIENTS EXAMINED WITHIN ONE WEEK AFTER THE 
ONSET OF THEIR DISEASE 





TOTAI BENZOIN GOLD SOL PRESSURE QUECKEN 
PATIENTS ALB, PERC. CELLS NONNE PANDY TES1 TEST IN CM. STEDT. 
D.v.D. 2,2 17/3 + + eo ok norm. 

A.F.Sch. 1,4 6/3 sp. » — norm. 
K.B.B. 1,7 4/3 sp. >> - norm. + 
J.v.d.V. 1,5 32/3 »> Py norm. 
W.B. 2,6 7/3 sp. =» i norm. 
R.v.d.W. 1,0 17/3 sp. sp. : ; norm. 
J.v.L. 1,9 11/3 sp. t : norm. 
ee 1,1 10/3 t » t norm. 


were 228 or more, or if in the course of a month the titer either in- 
creased or decreased significantly. It appeared that evidence of infec- 
tion in the group of noncontact persons was very low and that on the 
contrary in every contact person a positive reaction proved to be 
present. 


Deafness in the course of a mumps parotitis is relatively rare but 
well known. It is not so well known that mumps infection and rein- 
fection without parotitis is very common. The fact that none of our™ 
patients, presenting a positive serum reaction for mumps, did suffer 


TABLE VIII 
POSITIVE SEROLOGICAL REACTIONS FOR MUMPS IN THREE GROUPS 


The high incidence in sudden perceptive deafness patients 


as compared to normal testees is very striking. 





MATERIAI NUMBER POSITIVE NEGATIVE 
Non-contact persons 850 1 849 
Contact persons 300 300 


Sudden perceptive deafness 66 14 §2 
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Very probably the incidence of positive mumps reactions in sud- 
den perceptive deafness patients would have been much higher if all 
tests could have been done during the onset of the disease. 


CLASSIFICATION OF PATIENTS 


Virus infection as a cause of sudden perceptive deafness is a 
distinct etiological entity, whatever the pathogenesis of the deafness 
may be. This etiology was admitted not only if positive serological 
tests had been established, but also if a history of a benign meningitis 
or severe head cold at the onset of the illness was reported. An 
analogy to other virus infection, as a possible pathogenesis of the 
sudden deafness, vascular disturbances, toxic degeneration and edema 
was admitted. The supposition of the occasional occurrence of vascu- 
lar spasm in virus infection is supported by the favorable result of 
spasmolytica in 7 out of 16 patients treated in this way. 


Arteriosclerosis as the etiology of sudden deafness was admitted 
in 12 older patients presenting also other localizations of this disease. 
In these patients the pathogenesis could be as well spasm or thrombosis 
as bleeding. If a favorable result was obtained with vasodilatators, 
spasm was thought to be probable. If a very sudden onset without 
improvement was seen, thrombosis or bleeding was thought to be more 
probable. Genuine hydrops was admitted if, notwithstanding the 
absence of vertigo, dizziness proved to be an outstanding symptom. 
However as mentioned above in 4 patients dehydration therapy proved 
to be of little value in them. 


Nervous strain was present in 8 patients. By means of the 
Stenger-test and delayed speech test it was established that their deaf- 
ness was not psychogenic. A psychosomatic etiology of their sudden 
deafness, through the mechanism of a vascular spasm, might be 
admitted. 


Only six patients acquired sudden perceptive deafness in the 
course of other illnesses: one after an appendectomy under narcosis, 
and one who proved to have a positive Wasserman reaction; in two 
patients the deafness was an early symptom of pontocerebellar tumor, 
one suffered from Besnier-Boeck and another from multiple sclerosis. 
In some of these illnesses it is known that a perceptive deafness may 
develop, in others not; however in none of them is a sudden onset of 
the deafness common experience. 
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In 15 patients there was no clue to the etiology. Certainly unde- 
tected virus infection will be among them, but it cannot be denied that 
most probably the etiology of sudden deafness is not restricted to the 
causes mentioned above. 


In 66 patients, serological examination for influenza infection was 
performed and in seven patients this test proved to be positive. How- 
ever in Holland in an arbitrary group of normal test persons about 
seven positive reactions can be expected. Thus contrary to mumps 
the evidence of influenze as a cause of sudden perceptive deafness is 
not conclusive. 


THERAPY 


Unfortunately in virus infection, a definite causal therapy is 
lacking. In many of the other patients, the diagnosis is a mere sup- 
position. Moreover the hearing of about half of the patients improves 
spontaneously and in the beginning not infrequently the hearing 
acuity fluctuates considerably from day to day. For this reason it is 
difficult to judge if a certain treatment is effective or not. In virus 
infection aureomycin together with spasmolytica were given; in other 
patients spasmolytica alone. Occasionally an immediate hearing im- 
provement could be measured after administration of spasmolytica, 
indicating that this therapy was effective. We started to use cortisone 
in those patients who came early in our treatment. 


TABLE X 
THE EFFECT OF DIFFERENT AGENTS ON THE DEAFNESS 








NUMBER IMPROVED UNCHANGED AGGRAVATED 
Aureomycin 7 2 2 | 
Euphylline 22 11 11 
Nicotinic acid 25 6 17 2 
PROGNOSIS 


In our experience many ear, nose and throat specialists consider 
the prognosis of a sudden perceptive deafness very bad. However, 
fortunately in only 17 out of our 100 patients was the deafness 
bilateral, in 10 of them the speech intelligibility was impaired and 
only in 7 totally lost. In the remaining 83 the deafness was unilateral. 
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Complete recovery was seen in 20, a remaining loss of 40-80 db in 32 
and in 31 a loss of all serviceable hearing. A fatal ending never 
occurred and neither is it mentioned by other investigators. Relapse 
of an attack of sudden perceptive deafness must be very seldom. In 
our material this was reported by only one patient. Tinnitus re- 
mained in 24 patients and dizziness in only one. Thus generally 
speaking the prognosis of the hearing validity is not so bad, but a 
remaining deafness in one ear is not rare. 


COMMENT 


From our studies of 100 patients it appears that in 40 evidence is 
present that a virus infection is the cause of their sudden perceptive 
deafness. 


This diagnosis was based partly on the symptoms fever, a severe 
cold or even benign meningitis, partly on positive serological tests and 
partly on both of them. It appeared that sudden deafness might occur 
together with a benign meningitis, our serological tests being negative. 
It appeared also that positive serological tests were found, proving the 
recent contact with a virus, without a history of a fever or meningeal 
symptoms. Thus we may presume that among those patients who 
were reported to us by our colleagues, or who were seen by us long 
after the onset of their deafness, virus infection played a part, too. 
On the other hand the coincidence of a contact with a neurotrope 
virus and sudden perceptive deafness from another origin occasionally 
may happen, too. It was established by Wolff that in mumps infec- 
tion positive serological tests may be found in a considerable number 
of healthy contact persons. 


Vascular disturbances are mentioned by all authors as the princi- 
pal cause of sudden perceptive deafness. Evidently this presumption 
is based on an analogy with sudden vascular disturbances in other 
parts of the body, especially in the brain. In our opinion spasm of 
the arteries of the cochlea might be present in those patients who 
improved on the administration of spasmolytica. Such an improve- 
ment was seen as well in patients suffering from a virus infection 
as in others. Thus spasm merely explains the probable pathogenesis 
in patients in whom the etiology might be very different. In analogy 
with what is known, for instance, of paralysis in poliomyelitis and 
of the facial nerve, toxic degeneration and edema might be a probable 
pathogenesis, too. Labyrinthine hydrops is another mechanism by 
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which sudden deafness as well as vertigo is known to develop. Dehy- 
dration improves both, whereas spasmolytica are ineffective. In our 
opinion this well-known syndrome must be set apart from the single 
attacks of sudden deafness which is the object of our study. The 
remarkable fact that in an important number of patients diminished 
vestibular reactions were found without the history of vertigo attacks, 
points to a degeneration rather than to a hydrops of the labyrinth. 


SUMMARY 


Most probably virus infection, especially reinfectioned with 
mumps is in the Netherlands a common cause of sudden perceptive 
deafness. In some patients vascular disorders, as bleeding thrombosis 
or spasm or other disorders, might be responsible. In nearly half of 
100 patients the etiology remained unknown. Perhaps among them, 
unknown or undetected viral infections may not be rare. The inci- 
dence of this disease in the population of one million in Holland may 


be estimated as 200 cases each year. 
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LXXIV 


MARKED IMPROVEMENT IN 
BONE CONDUCTION 


Morris KatmMon, M.D. 
Maurice H. Miccer, Pu.D. 
EDMUND P. Fow er, Jr., M.D. 


New York, N. Y. 


The chief means of differentiating conductive from perceptive 
deafness has been for years a comparison of the air and bone conduc- 
tion of the impaired ear. From the time of the early teachings of 
Politzer’ and others, impaired bone conduction has been associated 
with diseases of the inner ear and the auditory nerve. Recently, Lierle 
and Reger” restated what has become accepted in otolaryngology, 
namely, that if the patient has the same loss for both air and bone 
conducted sound, or possibly disproportionately decreased bone con- 
duction, the loss is the result of an inner ear lesion, especially if the 
history, physical examination, and motility tests demonstrate the 
absence of middle ear involvement. The absence of an air-bone 
“gap” or difference in an audiogram is generally regarded as indicat- 
ing perceptive or nerve deafness. In short, perceptive deafness in- 
volves pathologic conditions of the end organs or nervous system 


central to the oval window.* 


Shambaugh and Carhart’ have recently demonstrated in cases 
of clinical otosclerosis that a loss by bone conduction does not neces- 
sarily represent an irreversible inner ear lesion by showing that a 
“Carhart notch” which is usually greatest at 2048 cycles is eliminated 
or reduced by successful fenestration surgery. Other writers” have 
also observed significant bone conduction changes following fenestra- 
tion surgery. Markle‘ has reported a case of severe unilateral percep- 
tive deafness averaging 53 decibels for the speech frequencies with 
recruitment, whose hearing returned to normal following a myringot- 
omy. Several other cases seen in the Department of Otolaryngology 

From the Department of Otolaryngology, College of Physicians and Surgeons, 
Columbia University, and the Presbyterian Hospital, New York, New York. This 
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inic. 
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in this hospital suggest that significant air and bone conduction 
changes occur in cases suggesting, audiometrically, classical perceptive 
deafness associated with a variety of possible etiologies. One such 
case has already been reported by one of us (EPF) where hearing 
returned to normal in a case of severe unilateral perceptive deafness 
following the administration of ephedrine nose drops.* Some of the 
most recent of these cases showing marked improvement in bone con- 
duction will be described with the accompanying audiometric data. 


REPORT OF CASES 


Case 1. Recovery Following Catheterization. The patient 
(No. 701832) is a 62 year old male shipping clerk who was readmitted 
to the Presbyterian Hospital on November 26, 1956 with a chief 
complaint of deafness in the left ear. 


Two weeks previous to the present admission, this man awoke 
and noted a severe hearing loss in the left ear. Since he already had 
a loss in the right ear secondary to a skull fracture, he found himself 
unable to hear conversational speech. This condition has persisted. 
Successive audiograms taken as an out-patient in the Ear, Nose and 
Throat Clinic revealed a severe perceptive loss in the left ear averaging 
88 decibels for the speech frequencies. The last of these audiograms, 
taken on November 19, is shown in the lower portion of Figure 1. 


The hearing loss in the right ear occurred in 1955 as a result of 
a fall associated with a severe coughing spell during which the patient 
fell. A right occipital skull fracture was sustained. This loss has 
remained unchanged. There is a tinnitus in the right ear. No true 
vertigo is present, but there is a persistent unsteadiness of gait, at 
times falling to the right. There was no change in this condition with 
the onset of deafness in the left ear. There had been no history of 
ear disease in the left ear. 


At the time of hospitalization for the skull fracture, Hallpike 
caloric tests showed no responses in the right ear with normal responses 
in the left, and central compensation on rotation. 


General Medical History. His general health had been fair. 
There was no history of allergy. He had had a traumatic amputation 
of the right index finger. There was a history of chronic cough of 
20 years’ duration with moderate amounts of sputum. Repeated 



































BONE CONDUCTION 983 


LEGEND FOR 
PURE TONE AUDIOGRAMS 


RIGHT EAR LEFT EAR 
Air Conduction O-O Air Conduction @---@ 
" Masked A=-aA " Masked Y-*7 

" No Response " No Response “« 
Bone Conduction C Bone Conduction 3 

" masked f " Masked 4 

" No Response ¢ n No Response } 


Weber: Rt.“ Lft.> Binaural*~ N.R.J 


chest films had been unrevealing except for evidence of old tubercu- 
losis. There is a history of fainting with these attacks of coughing. 
Occasionally, he had had seizures resembling grand mal attacks of 
epilepsy since his skull fracture. The cardiac history is negative. An 


electrocardiogram done in 1953 was normal. 


Gastro-intestinal History. There have been episodes of bloody 
stools. A rectal polyp was removed in 1954. A gastro-intestinal series 
done in 1955 was normal except for several small diverticuli in the 
descending limb of the duodenum. 


Genito-urinary History. There is a history of nephritis at the 
age of five, with no sequelae. 


Neurological History. In 1943 electro-encephalogram was inter- 
preted as normal. A pneumo-encephalogram showed mild left cere- 
bral hypoplasia. In 1953 a repeat encephalogram showed a normal 


record. 


The patient has had gout since 1938 with intermittent attacks. 
This was treated with Benemid (0.5 gm b.i.d.) and Colchicine added 
for the acute attack. 


Family History. Non-contributory. 


Physical Examination. The blood pressure was 130/80, pulse 78, 
respirations 18. Tophi were found in the antihelix of the right ear. 
The eustachian tubes were not patent to Politzerization. The liver 
is enlarged one finger breadth below the costal margin. 
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Case 1. Sudden recovery for air conduction and bone conduction 


following catheterization on left side. 
tured skull unchanged. 



































Old right sided deafness from frac- 
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Case 2. Unilateral improvement of air and bone conduction with 
no treatment. 


Medical consultation showed hepatomegaly and gout. 


Neurological Consultation. 


Impression: 


ear due to a peripheral lesion. 2. Deafness and loss of vestibular func- 


tion on the right due to an old skull fracture. 


3. Cough syncope. 


The patient was placed on Benemid (0.5 gr b.i.d.) and Colchi- 
cine (0.5 mgm q.i.d.) as combined prophylaxis. 


The labora 


tory was as follows: 


Urinalysis: Sp. Gr. 1.010; Reac- 


tion: Alkaline; Albumin 1 +; Occasional epithelial cell, 3-6 WBC; 
Erythrocyte sedimentation rate, 8 mm after one hour. 








1. Deafness in the left 
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WBC—7,750. Neut-55, Eos-1, Lymph-40, Monos-4. Hemo- 
globin-15.8 gms. Prothrombin Time—16 sec., Normal—15  sec., 
Hematocrit-52.7, Plasma Sp. Gr.-1.0289, Plasma protein-8.18. Liver 
Function Test-BSP—S minute specimen—90%, 30 minute specimen 
—14.3%. Stool Guaiac—Specimen No. 1-Negative, Specimen No. 2- 
Positive. 


X-rays of the skull and mastoids were considered entirely normal. 


Course in the Hospital. Therapy was started in the afternoon of 
November 27 consisting of 0.1 per cent procaine in § per cent dex- 
trose and water (250 cc) given intravenously twice daily. After only 
two procaine treatments, the left eustachian tube was catheterized. 
The patient immediately reported a subjective hearing improvement, 
without being questioned regarding any improvement. This was con- 
firmed by an audiogram also shown in Figure 1, taken immediately 
after insufflation. Improvement continued, and an audiogram taken 
on December 3, 1956 showed a pure tone average for the speech 
frequencies in the left ear of 25 db (Fig. 1). The final audiogram 
showing a pure tone average for the speech frequencies in the left 
ear of § db is shown in Figure 2. The right ear, also shown in this 
audiogram, remained unchanged throughout the course in the hos- 
pital. 


Case 2. Unilateral Hearing Improvement with No Treatment 
Given. This patient, a 63 year old female, was seen in the private 
ofices of Dr. J. G. Waltner, with a chief complaint of continuous 
hissing in the left ear of six to seven weeks’ duration. She is a known 
diabetic. In the middle of July, 1956 (about three months prior to 
the present visit) she had recurrent pains in the left ear of a short 
duration, which had subsided completely prior to her present visit. 


She had been subject to dizzy spells, which consisted essentially 
of a recurrent sensation of heaviness in the head over the left side of 
the scalp. A hearing test done previously at another hospital was 
reported as normal. She has been suffering from hay fever for many 
years. 


Ear, nose and throat examination revealed normal ear drums and 
diminished left corneal reflex. Audiometric examination demon- 
strated a combined loss of hearing in the left ear, averaging 48 db 
for the speech frequencies. This audiogram is shown in Figure 3. 


X-rays of the skull and petrous bones showed no abnormality. 
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Case 3. Bilateral air and bone conduction improvement following use 
of antihistamines? 


She was to return two weeks later for vestibular studies, but she 
called on the appointed day to say that there was a sudden cessation 
of the tinnitus, with marked improvement in hearing. An audiogram 
taken on this day revealed very marked improvement, although hear- 
ing had not returned to normal. This repeat audiogram, shown in 
Figure 4, indicates a residual loss of 22 db of the perceptive type in 
the affected ear. 


Case 3. Bilateral “Perceptive” Deafness with Return to Nor- 
mal. This 12% year old boy (No. 273649) was first seen in the 
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Ear, Nose and Throat Clinic on May 9, 1956. ‘Ihe patient’s mother 
stated that a hearing loss had been detected in a s:hool hearing test. 


The patient gave a history of being subject to irequent colds, 
and of being a mouth breather. He had not been subjected to tonsi!- 
lectomy or adenoidectomy. 


There is a strong family history of deafness, including the 
father, paternal grandmother, paternal aunt and niece, and several 
other members of the father’s family. There was a history of con- 
cussion at the age of two and one-half years. 


At the initial examination, there was a question of a fluid level 
in the left ear. This was not confirmed at a later examination. Speech 
was characterized by hyporhinolalia. The nasal septum was deviated 
to the left. The right nostril was filled with mucopus. There was 
hypertrophy of the adenoids. 


Mastoid films were normal. An audiogram taken at the initial 
visit showed a bilateral perceptive type deafness averaging 47 db in 
the right ear, and 43 db in the left (Fig. 5). 


The patient was placed on Benadryl, 50 mgm, three times daily 
for a period of one week. After this period, no further treatment 
was administered. 


A repeat audiogram taken five and one-half weeks later showed 
a combined loss averaging 57 db in the right ear, with hearing close 
to normal limits in the left (Fig. 6). A third audiogram performed 
on July 3, 1956 indicated a pure perceptive type loss in the right 
ear averaging 40 db with the left ear again normal (Fig. 7). Slight 
recruitment was shown on loudness balance testing. One week later, 
another audiogram indicated that hearing had returned virtually to 
normal for both air and bone conduction in both ears except for a 
slight high frequency perceptive loss in the right ear (Fig. 8). 


Case 4. Unilateral Deafness with Allergic and Psychogenic 
Factors. This is a 13 year old girl seen in the private offices of one 
of us (EPF) on June 15, 1955. She gave a history of ringing in the 
left ear of three months’ duration with intermittent tinnitus of a high 
pitched whistle variety. In the last two years she had had an odd 
feeling of disequilibrium, at times. Two years ago she had failed a 
school hearing test (Western Electric attenuated numbers test) which 
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Case 4. Changes in unilateral deafness with allergic and psychogenic 
factors. 


revealed “a 6 per cent hearing loss in the right ear, and a 12 per cent 
loss in the left ear.” Two years later (1955) both ears were found 
to be within normal limits in pure tone testing. 


The patient is subject to frequent colds. There is a long history 
of severe allergy, including asthma, eczema, urticaria, but no hay 
fever or vasomotor rhinitis. She has had pneumonia three times. 
She was thought to have had a reaction to chloromycetin, and has 
used many antibiotics and antihistamines. There is no history of 
otalgia or otorrhea except for a very mild earache in February 1955, 
with a cold. 


Streptococcic sore throat, age six months; tonsillectomy and 
adenoidectomy at the age of three years for pyelitis; German measles 
at the age of three; chicken pox and roseola infantum. On January 
13, 1955 she had an appendectomy under pentothal anesthesia. There 
have been no other recent illnesses of any sort and no history of head 
injury or cerebral disease. 


On examination, the throat was quite red, the ear drums appeared 
normal and the nasopharynx was normal. 


In the summary of the psychological and psychometric examina- 
tions was the following: “According to this examination, the patient 
at present is functioning at the high average level of intelligence. 
Emphasis seems to be more on doing things than on a serious applica- 
tion to problems. The distribution of strength and weakness in mental 
functioning is the inverse of that found in patients with brain pathol- 
ogy. The personality seems to be that of a well adjusted young girl 
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who tends to evade conflicts rather than to face them. The areas of 
conflict seem to be those usually found at this age. There seems to 
be concern about her present symptoms and depression caused by 
them.” 


Vestibular tests showed no response to 30 or 44 degree water in 
the left ear, with a normal response in the right ear. There was 
slightly decreased response to rotation, and only a slight response 
with 20 cc of ice water in the left ear. 


X-ray examination of the skull and mastoids showed “radio- 
graphically normal skull. On Stenver’s view of the mastoids, there 
was sclerosis of the internal auditory canal on the left with what 
appears to represent some slight erosion of the floor of the internal 
meatus. These measurements do not exceed normal limits.” Re- 
examination of the Stenver’s views indicated that the changes 
described in the internal auditory canal are due to a normal variant. 


An electro-encephalogram, using 16 lead with mono- and bi-polar 
recording, showed a borderline record, with some unusual activity, 
but with no focal signs or specific abnormalities. A repeat encephalo- 
gram four months later showed normal reading. 


Pure tone audiometric examination done on June 10, 1955 is 
shown in Figure 9. This test showed an average air conduction loss 
for the speech frequencies in the right ear of 18 decibels, and 75 
decibels in the left ear with masking. There was a wide discrepancy 
between masked and unmasked air conduction readings in this ear. 
Bone conduction readings suggest a combined deafness in the affected 
ear, but primarily the perceptive type when masked bone conduction 
was performed. Hearing in the left ear varied considerably even from 
hour to hour. Two other air conduction tests performed on the patient’s 
left ear on the same day are shown in the lower portion of Figure 10; 
70 db (re: audiometric zero) of masking was used in all these tests. 
Also, on June 10, 1955, speech audiometric tests showed a speech 
reception threshold for spondaic words on the right ear of 22 db, 30 
db on the left ear, and 24 db binaurally. Discrimination scores were 
within normal limits (better than 90 per cent at 40 db above the 
speech reception threshold and at a level of 50 db re: normal hearing. 
The Doerfler-Stewart test was positive for non-organic deafness show- 
ing a signal/noise ratio of —5. Repeat audiometrics two weeks later 
revealed normal hearing in both ears (Fig. 10). It was the general 
impression that this case may have been of psychogenic origin, but 
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Case 5. Spont:neous improvement, one month after moderate bilateral 
air and bone conduction losses which had developed following a fall. 


the allergic factors should not be dismissed lightly and it is hard to 
explain loss of caloric response on a psychogenic basis. 


Case 5. Bilateral Perceptive Deafness Following a Fall. This 
40 year old Negro female (No. 731284) presented herself to the Ear, 
Nose and Throat Clinic on July 16, 1956 with a history of pain in 
the right nostril and swelling of the right side of the nose for one day. 
The pain was somewhat relieved when the abscess ruptured and began 
to drain. 


Two days later, the patient was again seen in the clinic, at which 
time she complained of dizziness following a fall which had occurred 
at home. Further questioning revealed that she had been subject to 
intermittent spells of vertigo for the past year with nausea at times. 
There was no history of tinnitus or hearing loss. The patient stated 
that the present attack of dizziness somehow ‘“‘affected her mind”’ so 
that she didn’t know where she was. Blood pressure at that time was 
130/80. Ear, nose and throat examination was essentially negative. 


An audiogram performed on July 20, 1956 revealed a bilateral 
perceptive type hearing loss, greater for the right ear, which is shown 
in Figure 11. A neurological examination on July 27, 1956 revealed 
no positive findings. Blood pressure was 120/70. Hallpike caloric 
examination on August 6, 1956 showed normal vestibular responses. 


A repeat audiogram was performed on August 20 which showed 
normal hearing bilaterally (Fig. 11). There has been no recurrence 
of deafness since that time. 
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No medication or treatment was given to the patient for the 
relief of dizziness during the one month interval between the two 
audiograms. The patient received only Erythromycin (250 mgm 
q.i.d.) for the furuncle for a period of three days. 


COMMENT 


Improvement in perceptive deafness occurs occasionally in sev- 
eral known conditions. Best known is Méniére’s disease where low 
frequency “nerve” deafness may be present intermittently only during 
attacks. Other examples of occasionally reversible perceptive deafness 
are acoustic trauma, luetic deafness, multiple sclerosis, allergies of the 
inner ear, and rarely following the administration of streptomycin or 
dihydrostreptomycin in small doses. There are probably other pathol- 
ogies resulting in perceptive deafness of which we are not now aware 


which also show changes for the better. 


The majority of cases of severe perceptive deafness are, however, 
permanent whether they develop gradually or suddenly and no matter 
what the cause. When bizarre changes occur, there is always the 
suspicion of a psychogenic factor, either as a primary cause or as an 
overlay on an organic deficit. Errors inherent in audiometric measure- 
ment must also be considered. 


The pathology of the perceptive deafness in each of the cases 
described in the present paper is not very clear. The latest theories 
suggest that we may be dealing with a viral infection in some cases 
of perceptive deafness. Toxic neuritis is alleged by some to have direct 
effects on the auditory nerve. Changes in the labyrinth are often 
assumed to be due to changes in the small blood vessel system. Both 
extravascular and intravascular changes have been suspected of pro- 
ducing pathology. Some associate perceptive deafness with hormones 
or enzymes, or other chemical effects. 


It might be that with a vacuum or a transudate present in the 
middle ear, actual changes may occur in the labyrinth which revert 
to normal when the middle ear is properly ventilated. The findings 
on the present cases are reported for record and to stimulate the 
search for more patients of the same type with the hope that more 
definite diagnosis, prognosis, and treatment can be found. 


CONCLUSIONS 


The concept that severe bone conduction losses are necessarily 
irreversible seems erroneous. 


“ 
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Catheterization or politzerization of the eustachian tube should 
be a routine otological procedure for diagnostic purposes even if the 
loss, audiometrically, suggests a pure perceptive deafness. A direct 
therapeutic result in neural deafness from improvement of middle ear 
ventilation is incomprehensible to us and to most modern clinicians 
but consistent with the practice of certain others. Some of these 
patients improved following its use for diagnostic purposes. 


At present, bone conduction tests do not indicate pure neural 
function apart from conductive mechanisms. The notion that a loss 
for both air and bone conducted sound is necessarily the result of a 
nerve deafness should be revised as follows: 


In perceptive deafness, bone conduction is impaired. However, 
when bone conduction is impaired there may or may not be nerve 
or end organ degeneration. 


SUMMARY 


Each of the patients reported in this paper showed what looked 
like a considerable perceptive deafness according to accepted criteria 
for bone conduction readings. In each case, however, there was signif- 
icant air and bone conduction improvement following a period of 
time in which either no treatment was given, or treatment not 
usually considered appropriate in other than middle ear deafness was 
administered. Possible implications of these findings are discussed. 


630 West 168TH Sr. 
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THE TREATMENT OF RHINOSCLEROMA 
LOCALLY WITH AUREOMYCIN 


Ary Et-Morty, D.L.O. 
AND 
Omar Attia, PH.D. 


Carro, EGypt 


The more one deals with cases of scleroma, the more one is con- 
vinced that its problem is not yet solved and that more study and 
more trials of different types of treatment should be carried on. 


In a previous report in which the first author shared,’ the clinical 
results after antibiotic treatment were gratifying. 


Clinical cure was obtained in each of the 14 cases described, yet 
the biopsies at the end of the treatment showed that the histological 
picture of scleroma was still persisting, showing a chronic granuloma 
containing many plasma cells, numerous Mikulicz cells, many Russell 
bodies and a fair amount of fibrosis. In one case only, the biopsy, 
examined 14 weeks after completing the treatment, showed several 
nodules of degenerated plasma cells and moderate fibrosis with absence 


of Mikulicz cells and Russell bodies. 


One of the marked features noticed after the clinical disappear- 
ance of the granulomata was the persistence of scabbing. On the 
other hand, cases treated with deep x-ray therapy did not show this 
marked scabbing but showed marked fibrosis leading to adhesions and 
stenosis of the air passages affected. 


Although stenosis is very troublesome and necessitates surgical 
treatment and skin grafting, yet the scabbing is very troublesome, too. 
It causes a sense of dryness, irritation, fetor and nasal obstruction 
when the scabs are excessive and fill the nose. Getting rid of such 


From the Abbassia Faculty of Medicine. 
Read before the Sixth International Congress of Otolaryngology, Washington, 
D.C., May, 1957. 
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excessive dry secretions needs great force with all its sequelae on the 
eustachian tubes and middle ears. Nasal bleeding also occurs on 
separation of the scabs. 


Such scabs might be covering granulomatous swellings in patients 
who did not receive any treatment. They might be covering recur- 
rences or an atrophic mucous membrane after treatment. 


To deal with this clinical condition was the first motive in trying 
the local antibiotic treatment for scleroma, which is a strictly local 


disease affecting the upper respiratory tract. 


The second motive was the success of Sternstein® in treating ozena 
locally with streptomycin and the success of the local estrogenic hor 


mone treatment for laryngeal papillomata in children.** 


The third motive was the difficulties and complications met with 


in the previously known treatments. 


Irradiation was followed by excessive scarring which might inter- 
fere with respiration and smell and occasionally cause disfigurement 
or skin pigmentations without any guarantee against recurrence. 


Streptomycin or dihydrostreptomycin had to be given for a long 
time. Some patients received the drug for more than three months, 
more than 100 grams being given. In such big doses there is the 
danger of toxic effects on the VIII cranial nerve.° 


Aureomycin, on the other hand, showed quick results, affecting 
clinical cure within three or four weeks,’® but it had two disadvan- 
tages. The first was the severe nausea and vomiting which necessitated 
the stoppage of treatment in some cases. The second was the expense 
of the drug which could not be afforded easily by scleroma patients 
who are usually of the poor classes living under unhygienic conditions. 


Because of the quick action, aureomycin was chosen for local 
therapy. 


The drug used was 20 per cent aureomycin in lanovaseline. 


Patients were instructed to wash the nose with an alkaline warm 
solution twice daily. Then about 1 cc of the ointment was applied 
by the finger or by a glass rod just beyond the vestibule of the nose 


and sniffed in. 
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The three patients described in this report were chronic cases 
who had been treated previously. All sought advice for the trouble- 
some excessive scabbing and its sequelae. The scabs covered atrophic 
mucosa and freshly formed small granulomatous masses on both the 
nasal septum and the inferior turbinates. Biopsies were taken from 
the granulomata and the treatment started. These patients were using 
the alkaline washes beforehand with temporary relief only. Their 
symptoms were much better a few days after starting the ointment. 


REPORT OF CASES 


Case 1. §S.I.B., a male, aged 22 years, was seen in June 1956, 
complaining of nasal obstruction, thick sticky discharge with scabs 
and occasional bleeding. He gave a history of submucous resection 
of the septum two months before this examination. The surgeon 
who did the operation stated that far behind the deviation of the 
septum he noticed a small granuloma which proved to be scleroma 
on examination. The patient received 15 grams of streptomycin over 
a period of 15 days after the operation. One and a half months later 
he sought advice. His nose showed scabs, mucopurulent sanguinous 
discharge and multiple small granulomata over both inferior turbin- 
ates and over the septum near the floor of the nose. Each collection 
covered an area about 11% cm in diameter. This patient was put on 
2 gm of aureomycin daily to be taken by mouth ('% gm every six 
hours). The treatment had to be discontinued because of the nausea 
and vomiting. With the idea of the local treatment in mind, it was 
tried for the first time in this patient. His condition was followed up 
twice weekly. The improvement of symptoms and the diminution 
of the size of the granulomata encouraged us to continue the treatment 
and to try it in other patients. Six weeks later the granulomatous 
masses were much smaller. The patient was advised to continue the 
treatment and to come for a follow-up check every two weeks. 
Unfortunately he disappeared till March 1957 when he came with 
a recurrence about half the original picture. 


He stated that he stopped the treatment one month after his 
last follow-up because he was symptomless. Biopsy was taken and 
the patient put again on the local treatment. He was advised not to 
stop it before one year. 


The only important histological change seen was the increased 
amount of fibrosis. Degenerative changes were noticed in the epi- 
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thelium in the two biopsies and both showed marked polymorpho- 
nuclear infiltration and evidence of secondary infection. 


Case 2. Dr. A.H., aged 38 years, was first seen in 1945 with a 
rhinoscleroma obstructing his nose almost completely. He had three 
courses of irradiation by radium bomb at two and three month inter- 
vals in Kasr-El-Aini hospital, Cairo. Each course was one and one-half 
hours. Four months later as his condition still persisted, he was 
treated by deep x-ray (180 K.V.P.—Diaph. 6x8x23 for 1600 r). 
This was repeated again after two months and he reached a clinical 
cure. 


In 1948 he had a recurrence while in London. He had ten treat- 
ments of 100 r each, in Hogarth Center. 


Again in 1954 he showed a recurrence and was treated by aureo- 
mycin parenterally till all granulomata disappeared. In August 1956 
he was seen with a lot of scabbing in spite of using alkaline washes 
and liquid paraffin. Removal of the scabs showed small granulomatous 
recurrence. Biopsy was taken and he was instructed to use the local 
treatment. He stated that the discomfort had improved after a 
few days and the scabs could be separated easily. Two weeks later 
the granulomata were much less. He continued the application of 
the ointment for three months and his nose showed only a minute 
granuloma on the right side. This was removed for biopsy. Both 
biopsies show the microscopic appearance of rhinoscleroma. Fewer 
Mikulicz cells and fewer polymorphonuclears; but more plasma cells 
are seen in the second biopsy. 


There is no appreciable change in the amount of fibrosis. The 
covering epithelium, though stratified squamous in both, yet in the 
second shows evidence of more rapid and abnormal keratinization. 
As this patient had recurrence after complete clinical cure three times, 
he was advised to continue the local application for one year. 


Case 3. A.A., a male aged 28 years, gave a history of nasal 
obstruction of more than seven years’ duration. He used to blow 
his nose with great force to get rid of big scabs, and that caused 
occasional slight bleeding. He stated that he had right chronic sup- 
purative otitis media which he attributed to the forceful blowing of 
the nose. He stated too that he was treated with streptomycin injec- 
tions for two months in 1955 with good result. 


He was seen in January 1957. The nose was full of scabs in the 
form of complete casts taking the shape of the nasal cavity. There 
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was a marked deviation of the septum to the right side. The naso- 
pharynx was dry and contained few scabs and the uvula was absent 
and replaced by scar. Removal of the scabs caused moderate bleeding 
and the mucous membrane showed small granulomatous growths on 
the right side of the septum and the right inferior turbinate. A biopsy 
was done on one of the granulomas. The clinical improvement in this 
case after the local treatment was dramatic. Six weeks later, the 
scabs were much less, separating easily on blowing of the nose without 
bleeding. The granulomatous masses had disappeared except for a 
very small one on the septum. This was taken for biopsy. Mikulicz 
cells and Russell bodies were rather few in number in the second 
biopsy. Though fibrosis is evident in the first specimen, yet it became 
much more apparent in the second. The overlying epithelium is 
hyperplastic in both biopsies but the second one shows hyperkera- 
tinization. 


COMMENT 


Scleroma is a disease which is liable to recurrence in spite of the 
apparent clinical cure after treatment by any of the known methods. 
Pathological cure has not been achieved in the great majority of cases 
and the characteristics of scleroma have persisted in the form of 
plasma cells, Russell bodies and Mikulicz cells. Fibrosis differs accord- 
ing to the stage of the disease and to the method of treatment. Irradi- 
ation therapy is characterized by excessive scarring leading to stenosis 
and disfigurement. Treatment with antibiotics parenterally is fol- 
lowed by excessive scabbing which is a very troublesome symptom. 
Streptomycin has to be given for a long time which might endanger 
the VIII nerve. Aureomycin is quicker in action but it had to be 
discontinued in many cases due to nausea and vomiting. 


The local application of 20 per cent aureomycin ointment is very 
helpful in cases with excessive scabbing covering granulomata. The 
clinical improvement is gratifying. Symptoms improve within a few 
days and the granulomata fade away within few weeks. In all other 
types of treatment clinical cure is not associated with complete histo- 
logical cure. The same happens with the local treatment, but there 
is One important difference. There are some variations in the number 
of Mikulicz cells and Russell bodies as well as in the amount of fibrous 
tissue; but some variations are thought to be of little or no significance 
as they may be found in different parts of the same granuloma or 
represent variations which are likely to occur due to the natural 
course of the disease. 
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The important difference, however, is that the local application 
of aureomycin resulted in more rapid and abnormal keratinization of 
the surface epithelium, leading to atrophy and scaling. This can 
explain the improvement and diminution of scabs. 


As with all other forms of treatment, there may be recurrence. 
The local application, however, has some advantages over the other 
types of treatment. 


Nobody can apply irradiation or can use streptomycin or aureo- 
mycin parenterally for very long periods. These are to be stopped 
the moment the clinical cure occurs. The local treatment can be 
continued for a long time with great ease. It does not cause compli- 
cations and it is not expensive. There is great hope of permanent 
cure after very long courses. This is still under investigation. 


The line of treatment for a certain case has to be decided accord- 
ing to its clinical picture. A huge swelling of the whole nose has to 
be irradiated. Complete or severe obstruction by granulomata has 
to be given streptomycin or aureomycin parenterally. Excessive 
scabbing covering moderate granulomatous formations has to be 
treated by the aureomycin ointment locally. It sounds quite reason- 
able that any combination of the different types of treatment might 
be more helpful, and that the local treatment can be used after any 
of the other types for a long period to keep a patient symptomless 
hoping that there will be no recurrence. 


The effect of the local use of chloromycetin in the form of 


Ointment and spray is under investigation. 


SUMMARY 
Three cases of scleroma seen in Cairo, Egypt, are presented. 
The comparison of the known lines of treatment is discussed. 


A new line of treatment with aureomycin ointment, applied 
locally, is suggested. 


Histological observations are discussed. 
32 FaLaky St. 
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LXXVI 


MALIGNANT GRANULOMA 
OF THE NOSE 


MAXWELL ELtIs, F.R.C.S. 


LONDON, ENGLAND 


The condition known to otolaryngologists as malignant granu- 
loma of the nose, or lethal granulomatosis, is essentially a clinical pic- 
ture. There is no known cause and no true histological pattern. The 
diagnosis can only be made by default, by the inability to recognize 
a histological pattern corresponding with any known specific lesion, 
although with experience certain recurring combinations and types 
of cells are identifiable in the granulation tissue. It seems appropriate 
therefore for a clinician to approach the subject as it is normally 
presented to him, that is, clinically, without attempting to begin with 
a clear-cut definition. 


CLINICAL PICTURE 


Malignant granuloma of the nose is classically an ulcerating and 
gangrenous lesion of the face and nose, probably beginning in the nasal 
cavities or nasal accessory sinuses. It spreads inexorably, destroying 
soft tissue, cartilage and bone. The overlying facial tissues undergo 
necrosis and disappear leaving a deeply ulcerated lesion with sloughing 
and irregular margins (Fig. 1). The ulcer may sometimes appear 
first of all in the gingivolabial sulcus, presumably when the lesion has 
started in the inferior portion of the antrum. There is little constitu- 
tional disturbance until a late stage, when increasing septic absorption 
from secondary infection of the necrotic mass results in death from 
cachexia. 


Allied to this condition, but occurring more rarely, is a similar 
type of ulceration in the oral cavity. It generally begins on the pos- 
terior pharyngeal wall, spreading into the nasopharynx and hypo- 
pharynx (Fig. 3), and death is again due to cachexia or pulmonary 
infection. 


Read at the Sixth International Congress of Otolaryngology, Washington, D. C., 
May 1957. 
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These lesions are not, as a rule, associated with lesions elsewhere. 


Minor forms of ulceration also occur, usually in the nose, but 
sometimes in the pharynx, and generally resolve spontaneously. The 
septum is the commonest site, and a perforation of the septum is a 
frequent end result. The ulcer remains confined within the nasal 
cavities and does not spread to the face. 


In the past twenty years, a further form of the disease has become 
recognized. In this type, the nasal and pharyngeal ulceration is more 
diffusely spread over the surface of the mucous membrane and grad- 
ually involves large areas of the upper and lower respiratory tracts. 
In addition to multiple ulcers in these regions, necrotizing and gan- 
grenous lesions occur elsewhere, chiefly in the lungs, kidneys, spleen, 
skin and mucosal surfaces, including the conjunctiva, and the 
condition is often febrile. Various combinations of these ulcers 
and lesions have been named after the physicians who first described 
them, but the combinations are probably coincidental. It is thus 
possible that the classical cases of facial ulceration are examples of a 
local manifestation of a generalized disease, but this hypothesis is not 
entirely convincing, as it leaves unexplained the high percentage of 
cases in which the facial ulceration remains solitary, and where even at 
postmortem no other lesions can be found. 


BACTERIOLOGY 


As might be expected where large areas of necrotic and semi- 
necrotic tissue are exposed to the air, almost every conceivable organ- 
ism has at one time or another been discovered in these ulcers. But no 
organism has yet been proved to be the cause of the ulceration, in 
spite of exhaustive and skilled investigation. In a milieu so suitable 
for the existence and multiplication of organisms, one or other has 
occasionally become intensely virulent, causing a bacteriaemia or a 
septicaemia, and dominating the clinical course of the case, but this 
is an accident in the natural history and not a usual occurrence. 


PATHOLOGY 
In the classical type of ulceration of the face involving the nose, 


gangrenous destruction is the outstanding feature, and one of the more 
physically revolting aspects of the disease. Loss of tissue is character- 
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Fig. t.—Ulcer with foul sloughs in the depths where the nasal cavity 
and the antrum are exposed, and with necrotic bone in the margins. (Repro- 
duced by permission of the Editor of the British Medical Journal.) 


Fig. 2.—The same case as Figure 1. Completely healed for over seven years. 


istic, and the ulcer may extend widely, soft tissue and bone literally 
melting away. This gangrenous spreading ulceration somewhat re- 
sembles malignant invasion and erosion, but neoplastic formations are 
absent. The irregular undermined margins of the ulcer suggest a 
granulomatous infiltration, but no known specific granuloma can 
produce a solitary ulcer of such vast extent unaccompanied by any 
evidence of a systemic disorder. The place of these lesions in the 
hierarchy of disease processes has thus been speculative and debatable. 
No category suggested by anyone has been entirely satisfactory or 
sufficiently comprehensive. Certainly the condition does not fulfil 
the criteria of a neoplasm, and yet it can not be identified as a specific 
granulomatous infection. 


RELATION TO PERIARTERITIS NODOSA 


Some approach to a solution followed the observations of Weg- 
ener’ in three cases of ulceration within the nasal cavities, sinuses and 
pharynx, which were accompanied by similar, but much smaller, 
necrotizing lesions in the lungs, spleen, kidneys, adrenals and else- 
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Fig. 3.—Massive ulceration of the posterior pharyngeal wall extending 
almost from the base of the skull to the level of the arytenoids. Smaller 
ulcers on the fauces. 


Fig. 4.—The same case as Figure 3. The ulcer remained healed as shown 
for six months, and then recurred. The patient died of secondary. hemorrhage 
and cachexia, but no other lesions were found at post-mortem. 


where. That these cases were valid syndromes and not merely isolated 
rarities (or errors in observation) has since been confirmed by the 
publication of a number of similar cases. Furthermore, histological 
study of the individual lesions reveals a consistent pattern, and one 
which can be fitted into an already identified category, that of the 
so-called collagen diseases. 


The histological characteristics of the classical solitary ulcers are 
anonymous. There is a nonspecific granulation tissue of considerable 
variety, with numerous plasmacytes and lymphocytes. The lesion is 
subepithelial, beginning as a round cell infiltration in a hyperemic 
background. Small hemorrhages are numerous. As the granulation 
tissue organizes, dense fibrous tissue is laid down in the deeper layers. 
Occasionally, histiocytes dominate the picture, and sometimes necrotic 
changes. Although gangrene and necrosis are clinical features, the 
dead tissue is presumably sloughed away as exudate and does not dom- 
inate the histological picture as might be expected. In some of the 
smaller ulcers, and especially those confined to the mucous membrane, 
giant cells are found as an integral part of the granulation tissue (Fig. 
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Fig. 5.—Tissue from the right antrum showing a small blood vessel 
with a perivascular zone of inflammatory cells and numerous foreign body 
type of giant cells (report by Dr. I. Friedmann). (x700) 


Fig. 6.—From an ulcer of the scalp showing inflammatory granulation 
tissue with giant cells (report by Dr. I. Friedmann). (x750) 


6), and are frequently associated with eosinophils, and occasionally 
with a necrotizing periarteritis (Fig. 5). Some degree of endarteritis 
is invariable in the depths of the ulcer. These variations are not 
clear-cut, and considerable overlapping occurs, indicating that the 
variations are probably stages in a continuous process (Friedmann’). 


Finally, it seems clearly established that where giant-cells occur, 
and particularly when accompanied by an eosinophilic infiltration, 
there is in the ulcer itself and also in other organs a necrotizing peri- 
arteritis nodosa. Periarteritis nodosa is now considered to be a hyper- 
ergic, or hypersensitivity, reaction, and although it may be unjustifi- 
able to deduce from similar morphological patterns that they all 
arise in the same way, it is nevertheless a fair assumption that malig- 
nant granuloma of the nose can be included appropriately in the same 
category as periarteritis nodosa. The inference may not be valid, but 
it is a working hypothesis, and does account for the necrotizing nature 
of the lesion, which is also one of the characteristics of a hyperergic 
reaction. 
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SIMILARITY TO HYPERSENSITIVITY REACTIONS 


Williams,° among others, has argued this case in a closely knit 
paper quoting much experimental work and clinical observation, and 
he believes that the evidence is conclusively in favor. The lesions 
occur in tissues which are already “hyperimmune,” because, owing 
to a previous defensive immune reaction, antibodies formed from 
insoluble globulins are in excess. This is the essential difference 
between the tissues of an allergic individual and those of a normal 
one. Moreover, an allergic subject develops a high degree of immunity 
to substances to which normal individuals do not become immunized. 
All body tissues, and not only the reticulo-endothelial system, are 
capable of this active form of body defense. 


Williams® quotes Kahn* who further states that the central 
portion of the face, where large areas of skin and subcutaneous tissue 
are close to mucous membrane and submucous tissue, is an area having 
a greater capacity to develop hyperimmunity than any other in the 
body. Carried to this length the argument becomes a series of postu- 
lates rather than a logical and proved sequence of events. Certainly 
the nasal mucosa is a “shock tissue,” and nasal allergy, varying from 
the specific clinical syndrome of hay-fever on the one hand to that of 
minor perennial symptoms on the other, isa common condition. Kahn 
and Williams do not attempt to explain why this shock tissue should 
sometimes behave in so very different a manner. 


The hypothesis may be somewhere near the truth, but the most 
important problems are still unsolved, namely, the nature of the 
responsible allergen, and the ecological circumstances determining the 
onset and progressiveness of the reaction. 


TREATMENT 


It would be satisfying to conclude by asserting that cortisone 
is a specific remedy. Unfortunately, it rarely gives more than tem- 
porary relief. In fact, no specific cure is known. Empirically, small 
doses of deep x-rays have cured several cases (Fig. 2) (Ellis’ and 
Glass*). As the condition is not a malignant neoplasm, treatment 
with a heavy dosage of irradiation seems illogical, and may do more 
harm than good. It is possible that the slight damage resulting from 
the light irradiation alters the local conditions in the tissues sufficiently 
to abolish the hyperergic reaction. It is also just possible that the 
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tissue cells containing the excess of antibodies, or the antibody sub- 
stance itself, are excessively vulnerable to irradiation. 


As a final sad record, it must be confessed that several other cases 
have not responded so favorably to irradiation (Fig. 4). Until more 
is known of the fundamental disease process, methods of treatment 
must remain empiric and only sporadically successful. 


i149 Har.ey Sr. 
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LXXVII 
PARANASAL TRANSETHMOIDO-SPHENOIDAL 
HYPOPHYSECTOMY IN CASES OF METASTASIZING 
BREAST CANCER 


F. EscHER 
F. RotH 
AND 
H. CortTrier 


BERNE, SWITZERLAND 


Destruction of the hypophysis eliminates the three adenotropic 
hormones, thereby leading to the elimination of the function, of the 
suprarenal, the gonads, and the thyroid glands. Therefore, the hypo- 
physectomized individual no longer produces follicular hormones from 
the ovary and the suprarenal glands or growth hormone from the 
hypophysis. An understanding of these basic facts is essential if 
breast cancer is to be treated with hormones inasmuch as the growth 
of such tumors is so greatly influenced by the sex hormones. Hor- 
monal therapy is palliative and should be employed only after surgery 
and irradiation have failed. 


Why estrogenic elimination is effective therapeutically is not 
completely understood; for example, one apparent contradiction is 
the fact that the estrogens themselves have been reported effective 
in women five years after they have passed the menopause. 


Two principles of action must be considered: 1) elimination of 
the tumor growth stimulating hormones, 2) change of hormonal 
milieu. 


Naturally, hormonal therapy for metastatic carcinoma of the 
breast should be supervised by an endocrinologist, and hypophysec- 

From the Ear, Nose and Throat Department of the University of Berne, 
Medical Clinic, Insel-Hospital, Berne, and Institute of Pathology of the University 
of Berne. 

Read at the Sixth International Congress of Otolaryngology, Washington, D. C., 
May 1957. 
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tomy is generally considered to be a last-resort procedure. Yet, it 
would seem that it is less dangerous than surgical adrenalectomy and 
should be preferred to the procedure in most cases. 

Olivecrona’ was one of the first to develop the technique of 
hypophysectomy by a transfrontal approach; he has reported the use 
of this form of therapy in §2 cases of breast cancer. 


THE RHINOLOGICAL OPERATIVE METHODS 
OF THE HYPOPHYSEAL REGION 


The rhinological exploration of the hypophyseal region dates 
from the end of the last century, when brain-surgery methods were 
not yet developed. Originally the operation was performed for the 
removal of infrasellic tumors. The reader should refer to the works 
of Hirsch, Preysing and Denker-Lautenschlaeger. The transseptal 
procedure of Hirsch, the transpalatinal of Preysing’’ and the trans- 
maxillary method of Denker-Lautenschlaeger all show the disadvan- 
tage of a long distance and consequently reduced visibility. The best 
rhinological operation is the paranasal transethmoidosphenoidal meth- 
od introduced by Chiari® in 1911. 


In this operation the distance to the bottom of the sella turcica 
is by far the shortest, and the visibility is good. My teacher, F. R. 
Nager,” operated on 39 cases up until 1939 according to Chiari’s 
method and reported upon them in his famous “Semon Lecture.” He 
emphasized that this procedure was still the method of choice for pure 
infrasellic hypophyseal tumors. 


This paper does not deal with tumor surgery, but with the resec- 
tion of a healthy hypophysis. We thought it possible, in view of 
Nager’s experiences, to reach the hypophysis easily. The operation 
technique was developed on a cadaver and, beginning in June 1955, 
we have performed it in 21 cases of breast-cancer. The hypophyseal 
region can be readily inspected. This method is not applicable in 
cases of aplasia of the sphenoidal sinus, a rare condition. During the 
operation, radiological control is essential because it enables one to 
accurately judge the topography of the sella turcica (Fig. 5). The 
difficulties begin with the opening of the dura. The position of the 
dura-vessels and of the cavernous sinus call for utmost care in splitting 
the dura. Sometimes bleeding is profuse, and occasionally a massive 
fall of the blood pressure occurs when there is no visible bleeding. 
After resection of the hypophysis, the sella, according to the Olive- 
crona-method, is swabbed with Zenker’s solution. 
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Today the method of operation is as follows (Figs. 1-4): 
Preparation: Largactil-Phenergan-Dolantin 

Anesthesia by intubation 

Curved incision at the left medial canthus 

Opening of the lateral nasal wall 


Extensive ethmoidectomy, resection of the posterior section 
of the septum, large opening of the sphenoidal sinus 


Radiological control for the exact topographic determination 
of the sella 

Reducing of the frontal and basal parts of the sella with a 
polishing burr 

Resection of the frontal and basal parts of the sella 

Beginning of blood transfusion 


Placing of small aspirator tube from the right nasal cavity 
into the sphenoidal sinus 


Determination of the position of the dura-vessels 


Horizontal incision of the dura at the base, eventually cross- 


cut 


Protruding hypophysis is mobilized by rasp and angular 
spoons and removed with ethmoid forceps 


Curetting of the walls, tamponading with Zenker’s solution 


Invagination of the dura-ends into the empty sella turcica 
and covering of the dura-slits with a galea-graft 


Tamponading with Spongostan (absortive cellulose ) 


Tamponading with strips of gauze at the greater canthus and 
closing of the wound. 


We agree with Nager that when the ethmoidal and sphenoidal 
region is sufficiently exposed, visibility is very good and the distance 
from the outside relatively short. Even patients with cachexia sustain 
the operation well; nevertheless, we must draw attention to the danger 
of bleeding, the sudden fall of the blood pressure, and to the fact that 
shock affects about a third of the patients. These dangers have always 
been overcome up to now. Whether the operation should be per- 
formed under corticoid protection is not clear. We have not observed 
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Fig. 3 Fig. 4 


Figs. 1-4.—Our modification of the Chiari’s method for hypophysectomy. 


any appreciable difference between operations in which corticoids have 
been used and those in which they have not. 


The greatest postoperative danger consists in rhinorrhea and 
the possibility of meningitis. We have observed rhinorrhea in five 
cases and it lasted from six days to four weeks after the operation; 
three cases developed an irritation of the meninges. All of these 
recovered promptly. We feel that these dangers can usually be 
avoided by transplantation of a fascia graft and by packing for 
10 to 14 days postoperatively. We shall deal with healing of the 
hypophyseal region in a later section of this report. 


We have not experienced any operative fatalities. 
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THE PROBLEM OF TOTAL ANATOMICAL HYPOPHYSECTOMY 


Complete anatomical resection ensuring the elimination of endo- 
crine function presents great difficulties, whether the transfrontal 
or transethmoidal approach is used. According to Luft and Olive- 
crona,°* in 26 histologically examined cases, complete resection of 
the hypophyseal tissue has seldom been achieved. The Jodine-Tracer- 
test, too, showed that in most cases the hypophysectomy was incom- 
plete (Luft). One can assume that the hypophysectomy is func- 
tionally complete if the secretion of the 17 ketosteroids descends below 
2 mgr within 24 hours and the basal metabolism below minus 20 
per cent. It is very interesting to note that remissions may occur if 
the hypophysectomy is incomplete. This means that not only elimina- 
tion of the hypophysis, but also the hormonal imbalance thereby 
created may prove favorable. 


In our first series (Cases 1-11) we only obtained partial elimina- 
tion of the hypophysis, in spite of our impression of having removed 
all the tissue. After improving our technique, we frequently achieved 
a practically complete hypophysectomy in the last series (Cases 12- 
#1}. 


THE HEALING PROCESS OF THE OPENED SELLA TURCICA 


The transsphenoidal exposure of the sella leads to a temporary 
connection between the endocranium and the sphenoidal sinus. This 
method should be employed only if the connection can be eliminated 
postoperatively. Therefore, we have prepared histological series of 
the sella in four of our operated cases in order to examine the healing 
process at the operation area. 


Case 14. Sch. F., 54 years of age. Hormonal: Total elimination. Autopsy 
(175/56): Two months after operation. Histology: Very sparse remains of anterior 
and posterior lobes. A granulation tissue rich in vessels encloses the dura in the field 
of operation and hinders the access from the sphenoidal sinus. 


Case 16. H.D., 45 years of age. Hormonal: Total elimination. Autopsy 
(338/56): Four months after operation. Histology: There is no hypophyseal tissue 
to be found. In the field of operation we observe a fibrous cicatrization. From 
the margin fresh bony tissue has developed. Near the sphenoidal sinus there is some 
granulation tissue. 


Case 17. N.M., 53 years of age. Hor monal: Subtotal elimination. Autopsy 
(97/57): Nine and one-half months after operation. Histology: Little hypophyseal 
remains near the thickened fibrous cicatrix. Next to it there is a nest of tumor. 
The field of operation is closed by solid cicatrization. 


CasE 6. St.M., 45 years of age. Hormonal: Partial elimination. Autopsy: 
Fourteen months after operation. The field of operation is closed by a thick fibrous 
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Fig. §.—X-ray control during the operation. 


bony layer. Histology: When examining the remaining hypophyseal tissue, we were 
impressed by the abundant increase of the eosinophil cells (PAS-trichrome-staining 
according to PEARSE). There is tumor-metastasis in the dorsum sellae. 


COMMENT 


From these post-mortem studies performed two, four, nine and 
one-half and fourteen months after operation, we can deduce that the 
opened area at the sella closes itself densely. At first, a granulation 
tissue rich in vessels is formed; this latter changes into a solid cicatriza- 
tion, and new bony tissue develops into it. This corresponds to the 
clinical experiences that occasionally a rhinorrhea may occur, only to 
disappear always within a few weeks. 


The eosinophilia in one hypophyseal remnant (PAS-trichrome- 
staining) is particularly interesting, although we cannot explain its 
significance. 

RESULTS 


When introducing a new method, purely scientific considerations 


are of prime importance initially. Later there must be careful critical 
sifting designed to show whether this method may really be included 

















HY POPHYSECTOMY 1015 





Fig. 6.—Case 18. W.M., 52 years Fig. 7.—Same case, January 11, 
of age. Metastatic destruction of the 1957, after hypophysectomy. Scler 
spinal column. Severe pains in the osing of the metastases. Patient is 
neck. July 18, 1956, before hypo- free of pain. 


physectomy . 


in our therapeutic armamentarium. Results obtained are thus of 
fundamental importance, and it is from these that exact indications 
may be established. 


Pearson,’” Olivecrona and Luft’ have carried out hypophysec- 
tomy in cases of local relapse and metastases to bone, the lungs, pleura 
and lymphatic glands. Cases of metastases to the liver and brain 
are excluded. It appears that early diagnosis of metastases to the liver 
(which according to unanimous reports does not react to hypophysec- 
tomy) is very often impossible; it is precisely the appearance of these 
metastases which put an end to the period of remission. It has been 
possible to carry out an autopsy in 8 out of 15 cases of death. Metas- 
tases to the liver were discovered in all of these 8 autopsies. Four of 
these cases were without remission. This shows that great importance 
should be attached to preoperative investigations with reference to 
possible metastases to the liver. 


For the purpose of the remissions, we have adopted Luft’s criteria: 


a) Regression: objective diminution of the metastases. No fresh 
metastases. 
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TABLE I. MEASURE OF SUCCESS IN 21 HYPOPHYSECTOMIES 








NUMBER HORMONAL ELIMINATION 
DURATION OF CASES PARTIAL TOTAI 

Temporary remission 4-5 months 5 4 l 
6-9 months 2 2 
10-12 months 2 2 

Living in remission 6 months 1 1 

7 months 2 l ] 

10 months l 1 
18 months 2 2 

Remissions total 15 11 4 

No remission 6 3 3 


b) Stationary condition: no increase of existing metastases. No 


fresh metastases. 


c) Negative: metastases continue to grow or fresh ones appear. 


Table I shows the results of 21 hypophysectomies from which 
certain deductions may be made. In 15 cases there was remission. We 
should add that in five cases there were short periods of remission 
lasting from four to five months. Therefore, in about half of the 
cases there were periods of remission of six months and more. 


As we already have stated, there is no absolute correlation between 
total elimination of the hypophysis and remission. The table shows 
that in six total hypophysectomies, there was no remission in three 
cases. On the other hand, in the two cases in which there was the 
greatest remission (over 18 months) there was only partial hormonal 
elimination. Thus, the position here is anything but clear. 


TABLE II. AGE AND REMISSION 





AGI NUMBER REMISSION NO REMISSION 
35-45 7 6 (3*) 1 
46-55 7 4 (2*) 3 
56 - 65 3 2 l 
Over 65 + > £3 l 


(*) Short-termed remissions 4-5 months. 
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AGE AND REMISSION 


Luft’s last table proves that the chances of success are smaller in 
patients over the age of 60. Our records (Table II) do not bear this 
out. The two most favorable cases (9 and 11) are those of two 
women of ages 63 and 71. 


It should be further noted that hypophysectomy, with and with- 
out objective remission, often affords a distinct subjective relief from 
pain. Fourteen patients suffering severe pain became largely free of 
pain after a shorter or longer period. This phenomenon also has not 
yet been explained. However, for establishing indications, this plays 
an important part, as freedom from pain is often felt by the patient 
to be the most desired consideration. 


The illustrations (Figs. 6-9) will document what we have said. 


Until now, substitution therapy has not presented us with any 
difficulties. Following total hypophysis elimination, 12.5-15 mg cor- 
tisone and 100 mg thyroid dessicated are administered daily. With 
partial hypophysectomies, relatively smaller doses are used. 


PSYCHOPATHOLOGICAL CHANGES AFTER HYPOPHYSECTOMY 


Psychopathological disorders frequently accompany the Sheehan 
syndrome (pan-hypopituitarism). These are characterized by apathy 
and occasionally by a delirious and hallucinative condition (B. Staeche- 


lin, H. Kind"*). 


Consequently we expected after our hypophysectomies to en- 
counter psychic changes. Temporary unexplainable alterations in the 
personalities of two of our patients occurred about three weeks post- 
operatively. Both had the feeling that they were split personalities. 
To quote one of these patients: “I am two individuals; the second one 
lies next to me.” These subjective alterations in personality are also 
observed in intoxication with ergot-derived diethylamide lysergic acid 
(LDS) (W. A. Stoll'®), and are signified as acute diencephalosis (J. E. 
Staechelin'*). With these similarities in mind, one must naturally 
consider a postoperative excitory action on the diencephalon. 


Nevertheless, we will devote our full resources to the psycho- 
pathological investigations of these hypophysectomized patients. 
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Fig. 8.—CaseE 20. R.G., 48 years Fig. 9.—Same case. Considerable 
of age. Metastases of the pleura and improvement. Patient lives in re 
lungs. Before the operation patient mission. Diminution of dyspnea. (Jan 
was in a very bad state. High degree uary 15, 1957) 


of dyspnea. Pleuritis carcinosa. Large 


metastases of the hilum. Lymphangi 


tis carcinosa. (August 2, 1956) 


SUMMARY 


1. A summary of rhinologic operative methods of the hypo- 
physeal region is given. The paranasal transethmoidosphenoidal meth- 
od of Chiari* presents the shortest path to the hypophysis and precipi- 
tates the most advantageous view of the area. 


2. On the basis of Chiari’s operation, a method of hypophysec- 
tomy for endocrinological reason is described. Up until March 31, 
1957, 21 hypophysectomies without a fatality were performed in 
the Ear, Nose and Throat Clinic in Berne. These consisted entirely 
of patients with metastasizing mammary cancer who were previously 
exposed to concentrated surgical and roentgenological therapy. 


3. The hypophysectomy is indicated as the last possible palliative 
therapy in cases of local relapse and metastases to the bone skin, lymph 
glands, lungs and pleura. When liver and brain metastases are present, 
no response to this therapy has been observed. Hypophysectomy very 
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often affords the patient freedom from agonizing pain, and would, 
therefore, seem to be indicated for this purpose alone. 


4. Objective remissions for six or more months in approximately 
one-half of all cases were definitely noticed. 


§. Occasionally, psychopathological changes follow the operation. 


6. This presentation is documented by histological investigations 
of the healing process in the sella area, and by examples of remissions 


after h y poph ysectomy. 


INSELHOSPITAL, BERNI 
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SPONTANEOUS PNEUMOCEPHALUS SECONDARY 
TO SARCOMA OF THE ETHMOID 


MicHAEL Hoitmes, M.D. 
LUTHER Martin, M.D. 
RicHARD HANCKEL, M.D. 


CHARLESTON, §S. C. 


Pneumocephalus, as the name implies, means an abnormal collec- 


tion of air within the cranial cavity. 
It may be classified as: 


1) Subdural. This is the commonest type, but has been reported 
only after a fracture of the frontal bone. 


2) Intracerebral. This results if there is a tear through the dura 
and arachnoid into the brain substance at the same time that there is 
a fracture of the ethmoid or frontal sinus. A fistulous tract forms 
subsequently from the fracture site and air is forced into the brain 
with each cough or sneeze. This same sequence of events may occur 
as a result of erosion of bone and adjacent tissue from a tumor in this 


area (vide infra). 


3) Intraventricular. This results either from an extension of 
the intracerebral variety just mentioned, or from the subarachnoid 


variety, below. 


4) Subarachnoid. This may occur following fracture of the pos- 
terior ethmoids or sphenoid, which is rare, or following bone erosion 
from a tumor in these sinuses. Air in the subarachnoid space may 
ascend through the foramina of Magendie and Luschka into the lateral 
ventricles. Conversely, it may descend via the same route into the 


subarachnoid space. 
5) Mixed. These frequently occur. 


Traumatic pneumocephalus is much commoner than the nontrau- 
matic type and usually occurs as a result of fracture of the intracranial 
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surface of the sphenoid, ethmoid, or frontal sinus or of the mastoid 
cells. Killian’ in 1939 reported on a total of 110 cases found after 
a search of the literature. Of these 92 were traumatic in origin and 
only 18 were of nontraumatic origin. 


Nontraumatic or spontaneous pneumocephalus usually is caused 
by erosion through the intracranial surface of the paranasal sinuses 
or mastoid cells by a tumor or an infectious process. Raider*® in 1951 
stated that a total of 30 cases of this type had been reported. Only 
nine of these were the result of an infectious process and 21 were 
secondary to new-growths. Of the cases secondary to tumors all 
except two were secondary to osteomas of the ethmoid-frontal area. 
Of these two, one was secondary to gliomatosis and was reported by 
Bertolotti' in 1928; the other was reported by Hill’ in 1942 and was 
secondary to a nasofibroma. Raider’s* case occurred during the course 


of a carcinoma of the nasopharynx. 


The first case to be reported was a spontaneous pneumocephalus. 
It was described by Chiari® in 1884 who noted air in the cranial cavity 
while doing an autopsy on a case of purulent ethmoiditis. Luckett‘ 
in 1913 was the first to recognize intracranial air by roentgenographic 
examination. Dandy* was the first to use air as a contrast medium 
when he injected air into the ventricles of children in 1918. This 
was called ventriculography. In 1919 he® injected air into the lumbar 
subarachnoid space, a procedure in frequent use today for diagnostic 
purposes, and known as pneumo-encephalography. 


Two of the most constant symptoms of pneumocephalus are 
cerebrospinal rhinorrhea and headache which becomes more severe on 
sneezing or blowing the nose. Other symptoms of increased intra- 
cranial pressure may be present such as: dizziness, nausea, vomiting, 
bradycardia, impaired sensorium, convulsions and papilledema. Baker, 
et al.'* reported pneumocephalus with hemiplegia secondary to osteoma 
of the frontal sinus. 


The case we are presenting offers several unusual aspects. There 
was no definite cerebrospinal rhinorrhea, as was also true in Raider’s® 
case of carcinoma of the nasopharynx. The febrile course was more 
indicative of an infectious process than a tumor. This is the first case 
of pneumocephalus secondary to a malignancy in the ethmoid area and 
is the first case of sarcoma with a secondary pneumocephalus to be 
reported. 
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Fig. 1.—Lateral view of skull showing spontaneous pneumocephalus with 


an accumulation of air in the frontal lobe thought to be an abscess and spon- 
taneous rupture and filling of the lateral ventricles. 


REPORT OF A CASI 


This most unusual and very interesting development occurred 
in a 74 year old white male, W.J.F. 


He was first seen by one of us (M.H.) on October 30, 1956 with 
a chief complaint of nasal obstruction, more marked on the right, of 
several years’ duration. It had grown progressively worse in the past 


six months. 


The tumor presented the appearance of a large nasal polyp, 
occupying most of the right nasal cavity. Other physical findings 
were essentially negative except for a mild exophthalmos, more marked 


on the right. 
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in 


Fig. 2.—A-P view of skull showing spontaneous filling of lateral ven- 
tricles and erosion of bone in region of right ethmoid. Marked increase in 
density of right frontal sinus. (Right nostril occluded with soft tissue 
mass). 
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The polypoid mass was partially removed in the office by snaring. 
He was admitted to the Kingstree Hospital on the following day, 
October 31, 1956, and the remainder of the polyp-like tumors were 
removed from the right nostril. Physical examination and laboratory 
studies at this time were within normal limits. X-ray studies of the 
sinuses showed a generalized clouding, more marked on the right side. 
He made an uneventful recovery and was discharged the next day. 


The polyp-like tumor recurred and the patient was again ad- 
mitted to the hospital November 13, 1956 and the tumor mass was 
removed in the same manner. He made a satisfactory recovery and 
was discharged on November 15, 1956. 


He failed to regain his strength, developed a mucopurulent dis- 
charge from the right nostril, and the exophthalmos on the right side 
became more marked. Headaches, which had previously been moder- 
ate, became very severe. For these reasons he was readmitted to the 
same hospital on November 23, 1956. He improved on antibiotics 
and sulfonamides and local packs and though not afebrile was dis- 
charged at his insistence on November 28, 1956. 


At home his condition gradually grew worse even though he was 
continued on antibiotics and sulfonamides. He was advised to have 
otolaryngologic consultation, but he chose to be readmitted to the 
Kingstree Hospital and have consultation with his family physician. 


Accordingly, he was readmitted on December 4, 1956. In less 
than an hour after admission he had a severe chill and a temperature 
rise to 104°. He became irrational and comatose. During the next 
several days he had periods of being rational with a normal tempera- 
ture alternating with periods of irrationality and fever. The cycle 
became progressively worse and on December 13, 1956 he was trans- 
ferred to the Medical College Hospital on the otolaryngological service. 


Because of the nature of his symptoms, neurological consultation 
was sought and he was examined by two of us (L.M. and R.H.) on 
admission to the Medical College Hospital. 


Examination revealed an elderly patient with a hot, dry skin. 
He was disoriented and restless. His temperature was 102.8 rectally. 
There was a purulent discharge from the right nostril and a tumor 
mass was noted in the upper portion of the right nostril. The right 
eye was edematcus and somewhat proptosed. The neck was moder- 
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Fig. 3.—Microscopic section of malignant lymphoma showing undiffer- 
entiated character of the cells with numerous mitotic figures. 


ately stiff. The optic discs appeared slightly blurred. No definite 
motor weakness or sensory loss was found. 


A spinal tap was done which revealed a normal pressure with 
several thousand cells in the fluid, a spinal fluid protein of 170 mg 
per cent and sugar of 20 mg per cent. 


Plain x-rays of the skull revealed air in both lateral ventricles, 
a spontaneous pneumocephalus, secondary to erosion through the cri- 
briform plate (Figs. 1 and 2). 


Films of the paranasal sinuses showed a pansinusitis with probable 
destruction of bone in the medial edge of the right orbit. 
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On December 16, 1956, three days after admission, a right 
frontal osteoplastic craniotomy was done. This revealed a large infil- 
trating tumor extending from the right ethmoid region through the 
cribriform plate into the frontal lobe. 


A biopsy was taken from this tumor and the fistulous tract into 
the frontal lobe was closed. No attempt was made to excise the 
tumor. The wound was closed in the usual manner and a dry dressing 
was applied. 


Grossly the tumor was grayish in color, firm in consistency, and 


erosive in nature. 


Microscopically the pathology department reported sheets of 
highly undifferentiated cells. The nucleus constituted most of the 
cell and was hyperchromatic. No consistent architectural pattern 
could be made out and, although it was recognized that this might 
represent an exceedingly high-grade anaplastic carcinoma, it was 
believed that the features in general were more fitting to a malignant 


lymphoma of the reticulum cell sarcoma class (Fig. 3). 


X-ray therapy was refused by the patient’s wife and he was 
returned to the Kingstree Hospital on December 31, 1957. He died 
there January 11, 1957. 


COMMENT 


In retrospect the presence of a malignancy should have been 
suspected from several findings. One was the tendency for it to recur 
as rapidly as it did, necessitating surgical removal twice in two weeks. 
Another was the presence of bone erosion along the medial wall of the 
right orbit. Another was the presence of air in the lateral ventricles 
of the brain. This occurs not infrequently following trauma, occa- 
sionally with tumors, and much more rarely in infections extending 


from the paranasal sinuses or mastoid air cells. 


The final outcome would not have been altered, because the 
tumor was so malignant that surgery would not have been curative 
even if it had been employed weeks or even months sooner. 


96a BULL ST. 
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LXXIX 
TEMPORAL BONE INFECTION 


TERENCE CAWTHORNE, F.R.C.S. 


LONDON, ENGLAND 


Thanks to the antibiotics we have been able often to forestall and 
usually to master the dangers that formerly followed upon acute infec- 
tion within and around the temporal bone. 


In consequence we can now devote more attention to chronic 
infections in this area, infections which are resistant to chemo- and 
antibiotic therapy and which have lost none of their sinister tendency 
to lead to intracranial complications. 


The change in the type of infection needing operation that has 
followed the introduction of the sulphonamides and antibiotics is 
wel! seen in Table I, which shows the operations for temporal bone 
infection carried out at King’s College Hospital in 1934 and in 1951. 


This reveals that whereas the operations for chronic suppuration 
have increased in recent years, those for acute suppuration have 
dwindled to one-seventh of their preantibiotic incidence. 


Many of the patients now operated upon for chronic suppurative 
otitis media started their infection before the antibiotic era; and it 
may well be that after another decade the number of cases of chronic 
infection will also be very materially reduced. 


Nevertheless there is likely to be a residue of cases which will con- 
tinue to be resistant to modern forms of conservative treatment. 


We have already heard today of some of the reasons why such 
cases may continue to require our attention and how function in the 
shape of hearing may be maintained or restored. 


Read as part of a Symposium on Chronic Suppuration of the Temporal Bone 
at the Sixth International Congress of Otolaryngology, Washington, D.C., May 6, 
1957, 
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TABLE I 


OPERATIONS FOR TEMPORAL BONE SUPPURATION 
AT KING’S COLLEGE HOSPITAL 


ACUTE INFECTION CHRONIC INFECTION 


1934 126 48 
1951 18 59 


We have also heard how such ears can be rendered harmless; but 
it seems that at times these two aims come into conflict with one 


another. 


When only one ear is affected surely our duty is to make the 
ear safe. That is to say, we must undertake such surgical measures 
as will prevent any future extension of the infection beyond the con- 
fines of the middle ear cleft. If this can be done without further 
impairing hearing or balance all well and good but, and this is a very 
important “but,” the surgeon must never lose sight of his duty to 
make the ear so safe that it cannot in the future cause an intracranial 
complication. 


This can be achieved quite simply by carrying out the classical 
radical mastoid operation. If there has been a breach of the bony 
labyrinth it may be necessary, in addition, to open the labyrinth as 
well. If labyrinthine function has been destroyed by infection, then 
the labyrinth should always be opened. 


It is fashionable to believe that the ear can be made safe by 
something less than the radical operation which it is held will impair 
or destroy hearing. If this were really so, then I would have a different 
tale to tell, but experience compels me to say that in cases of chronic 
temporal bone infection especially when there is evidence of cholestea- 
toma nothing short of the classical radical mastoid operation will 
render a patient safe from future intracranial infection. I do not 
wish to imply that, if something less than the radical operation is done, 
an intracranial operation will inevitably follow; but if one ear is 
healthy and the hearing in the diseased ear is poor, then a radical 
operation should be the procedure of choice, particularly if there is 


any reason to suspect that the infective process may have spread 


beyond the confines of the middle ear cleft. 
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I would now like to illustrate what I have just said with the 
case histories of two patients who have been under my care within the 
past few years. 


REPORT OF CASES 


Case 1. The first case was of a young man who had a mastoid 
operation because of a flare-up of a long standing discharge from one 
ear with recent headache and fever. The operation was soon followed 
by symptoms of intracerebral infection and he was transferred to a 
neurosurgical center where a temporal lobe abscess was drained. He 
recovered from this, and as the ear operation was recorded as being 
a radical mastoid he was discharged without further surgery to the ear. 
In less than a month he returned with another temporal lobe abscess. 
When he had recovered from this second brain abscess, further inquiry 
revealed that at the original mastoid operation, the radical operation 
had not been completed. At a final operation upon the ear, the bridge, 
the ossicles and some necrotic bone in the region of the tegmen tympani 
were removed, ending up with a complete radical operation. After 
this he had no further trouble. 


Case 2. The next case was of a man aged 50 who, some months 
after a modified radical mastoid operation for chronic suppuration, 
suddenly became deaf in that ear and very giddy and went on to 
develop pyogenic meningitis. After successful treatment by anti- 
biotics he was referred back to the surgeon who had performed the 
mastoid operation. This was revised but the labyrinth was left alone. 
One month later the meningitis returned, and after this had been 
subdued a second time he was referred to us and we found that he 
had a dead labyrinth. At operation there was a large fistula into the 
lateral semicircular canal, and on opening the labyrinth it was found 
to contain pus. After superior and inferior vestibulotomy the ear 
healed up and he has had no trouble since. 


Now if in a case of unilateral chronic infection the hearing in 
the diseased ear is poor, then anything less than a radical operation far 
from improving the hearing may make it worse as the following case 
history shows. 


Case 3. This wasa middle aged woman who had been submitted 
to an unspecified mastoid operation because of long standing unilateral 
ear discharge and partial deafness. Despite the operation the discharge 








1032 TERENCE CAWTHORNE 


was if anything more profuse, and the hearing in that ear had deteri- 
orated. A further operation was advised, and this revealed that the 
bony bridge and all the ossicles were present, though the continuity 
of the ossicular chain had been interrupted by loss of the long process 
of the incus. I completed a radical mastoid operation, and subse- 
quently the hearing improved until it was better than before the 


original operation. 


Now of recent years the classical radical mastoid operation has 
been viewed with disfavor, it being regarded as an unnecessary and 
mutilating affair. In its place the conservative radical and the modified 
radical operations are often regarded as the operations of choice in 
the surgical treatment of chronic suppurative otitis media. Quite 
apart from the inherent contradiction in the term “‘conservative radi- 
cal,” I am left in some doubt as to what is meant by these terms. If 
the term “modified radical” is used to imply something less than the 
radical operation then I think that in his description of the operation 
the surgeon should always state what he has left behind. Is, for 
instance, the ossicular chain left intact? And has the bony bridge 
been left intact? Or is the operation complete except for the remains 
of the tympanic membrane and the handle of the malleus? 


Working as I do at a neurological hospital in close co-operation 
with a neurosurgical service I see a comparatively large number of 
intracranial complications of chronic suppurative otitis media and 
I am bound to admit that I am prejudiced in favor of the radical 
mastoid operation. There are two reasons for this. One is that it is 
rare for an intracranial complication ever to develop after a properly 
performed radical mastoid operation, provided, of course, that the 
labyrinth was unaffected at the time. My other reason is that I have, 
in the past ten years, seen no less than 14 patients with serious intra- 
cranial complications, on all of whom inadequate operations for chronic 
temporal bone suppuration had previously been performed. In all of 
these, once the intracranial infection had been subdued, the ear was 
made safe by a further operation converting it into a radical mastoid; 


and none has had any trouble since. 


Therefore you will, I hope, appreciate why I still believe that the 
classical radical mastoid operation is still at times the operation of 
choice. It is usually needed in the management of an otogenic intra- 
cranial complication, and often for unilateral chronic suppurative 
otitis media with evidence of bone disease when the hearing is poor. 
When the hearing is good and the disease is limited to the attic, then 
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something less than the radical procedure may be considered, provided 
that all disease and in particular all traces of cholesteatoma can be 
removed. Once the ear has been made safe there is no reason why 
some of the beautiful and intricate operations which have been de- 
scribed this morning should not be carried out, but I foresee trouble if 
diseased bone and cholesteatoma are buried under a layer of skin. 


If both ears are affected the situation is different and it will 
clearly be desirable to preserve the ossicular chain in at least one ear. 
On two occasions I have been faced with a dead labyrinth on one side— 
one from VIII nerve section for Méniére’s disease, and the other from 
mumps in childhood—and chronic suppurative otitis media with cho- 
lesteatoma and an active fistula sign on the other, and fairly good 
hearing. Obviously some form of operation was needed and equally 
obviously every effort had to be made to preserve the hearing. In 
each a careful exposure of the attic and antrum without disturbing 
the ossicular chain was carried out. In each case the hearing was 
preserved, and the discharge ceased, though one of the patients has 
been somewhat troubled by vertigo from time to time. These are 
of course extreme cases but they are mentioned in order to illustrate 
the fact that when the disease is bilateral it may be necessary to com- 
promise with the rule that the classical radical mastoid operation is to 
be preferred when there is evidence of bone disease and cholesteatoma 
or of extension into the labyrinth or intracranial space. 


149 Har.Ley ST. 
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THE SIGNIFICANCE OF ENDOBRONCHIAL LESIONS 
IN THE MANAGEMENT OF 
PULMONARY TUBERCULOSIS 


JouHn J. O’Keere, M.D. 


PHILADELPHIA, Pa. 


It is universally agreed that the tuberculous patient comprises 
a complexity of therapeutic problems. His management is constituted 
of the resolving of these problems, individually and collectively, each 
posing its own peculiar challenge. 


Ever of paramount importance among these problems are the 
complications caused by the lesions of endobronchial tuberculosis. 
Such lesions have been long recognized because of their disagreeable 
consequences, which consequences are duly appreciated as being essen- 
tially obstructive phenomena. Their presence however, in some form 
or of varying degree, although relatively common findings, may 
remain unrecognized unless already productive of some type of pul- 
monary complication, or until a direct examination of the bronchus 


is made. 


It is with a sense of misgiving that illustrations 1, 2 and 3 are 
presented, representative of the once commonly encountered compli- 
cations of pulmonary tuberculosis due to endobronchial obstructive 


lesions. 


Many of the advances in our concepts of pulmonary pathology 
are directly attributable to the knowledge acquired through the 
practice of bronchoscopy. The importance of this newly gained 
knowledge ranks second only to the importance accorded the discovery 
of the antimicrobial agents. In fact, not only is bronchoscopy pres- 
ently considered an indispensable diagnostic agent for the identifica- 
tion of specific lesions of the bronchopulmonary system, it is further 
recognized as a method of examination that cannot be substituted 
for by any other method. For although the presence of such lesions 
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may be suspected or presumed, either clinically or roentgenologically, 
objective proof of their existence is obtainable only by means of such 
direct examination. Sufficient emphasis cannot be paid the importance 
of this determination, for in addition to defining the actual presence 
of bronchial disease, it allows for its classification according to type, 
site, and degree of involvement; it affords a rationale for the institu- 
tion of specific therapy; it defines the contra-indications of surgical 
resection; it explains the mechanics of obstructive pulmonary pathol- 
ogy; it affords a means by which the progress of the disease, or its 
response to therapy, can be followed; and occasionally it provides a 
means by which direct therapy can be applied to the endobronchial 
lesions. 


Bronchoscopy is often and variously indicated, and yet it is aptly 
summarized to state that these indications consist in the presence of 
symptoms referable to the bronchopulmonary tree, which symptoms 
are incompletely or unsatisfactorily explained by other diagnostic 
methods. Specifically in tuberculosis, these indications are of a more 
diverse pattern. Diagnostically, bronchoscopy is of particular merit 
when employed to secure secretions from a section of lung indicted 
as being suspiciously tuberculous by physical examination or by x-ray 
study: similarly, in realizing the potential hazards associated with 
these lesions, it seems only fitting that in the initial appraisal of the 
tuberculous patient, appropriate consideration be tendered the condi- 
tion of the bronchus and its lining mucosa, and that a bronchoscopic 
survey be included as part of this appraisal. During the course of 
management of the tuberculous patient, it is equally important that 
serial or interval bronchoscopic examinations be made, for only in this 
way can one ascertain the site of bronchial obstruction, and determine 
the sources of wheezing respiration, dyspnea, and hemoptysis. The 
clinical or roentgenologic signs of emphysema or atelectasis, either 
segmental or lobar, are specific indications for bronchoscopy in the 
tuberculous patient, as is the routine performance of bronchoscopy 
pre-operatively as a means of familiarizing the surgeon with the con- 
dition of the bronchial mucosa. Lastly, in positive cases, where 
response to therapy appears to be arrested, or when improvement is 
unsustained, bronchoscopy is indispensable in differentiating the pos- 
sible co-existence of other bronchopulmonary disease. Only by 
adhering to these indications for bronchoscopy can one avert the 
calamities of bronchial obstruction which occur as direct consequences 
of failure to perform bronchoscopy. 


Immediately with the advent of streptomycin a great resurging 
of interest was shown in the therapy of pulmonary tuberculosis, much 
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of which was directed at the control and eradication of endobronchial 
disease. This interest has been repeatedly rekindled in the last twenty 
years through the development of additional chemotherapeutic agents, 
all of which have changed, and yet have enhanced our concepts of 
therapy. It is pertinent to this theme to acknowledge that these agents 
have demonstrated a remarkable way of resolving the epithelial lesions 
of tuberculosis, in a relatively short time, and without the formation 
of secondary stenoses. The effects of modern chemotherapy on such 
lesions is amply attested to by the greatly decreased incidence of acute 
obstructive bronchopulmonary accidents, so commonly encountered 
in the prechemotherapeutic era. 


Soon after having attained this objective—the control or suppres- 
sion of tuberculous tracheobronchitis by chemotherapy and its almost 
complete eradication as a contra-indicating factor to collapse or resec- 
tion therapy, several unfortunate but understandable changes took 
place regarding the management of the tuberculous patient: an appar- 
ent gross disregard developed for the further need for bronchoscopy; 
total dependency was placed upon the chemotherapeutic agents; and 
consequently a sense of complacency developed towards the potential 
hazards of tuberculous lesions of the bronchial mucosa. The manage- 
ment of the tuberculous patient, instead of having been simplified by 
chemotherapy, became more than ever plagued with the endobronchial 
complications of this disease, and as a direct consequence of this 
attitude we are ccurrently confronted with several newly-developed 
and rather recently recognized complications that are equally serious 
in their effects, and equally difficult to treat successfully. 


1. DRUG-RESISTANT INFECTIONS 


The emergence of drug-resistant strains of M. Tuberculosis 
is one of the earliest recognized consequences of prolonged chemother- 
apy. That such a development was inevitable was appreciated even 
in the initial reports concerning the limitations in the use of strepto- 
mycin, and rather than being an acquired trait, it represents the 
survival and multiplication of a small number of inherently resistant 
organisms. 


As clinically representative of this development, there exists today 
a select group of patients who persistently harbor endobronchial tuber- 
culous lesions, unresponsive to continued antimicrobial therapy, which 
drug-resistant infections evolved because of either unduly prolonged 
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Fig. 1.—Roentgenogram illustrating the development of irreversible ate- 
lectasis following pneumonthorax. 





Fig. 2.—Roentgenogram of a giant tension cavity which failed to col 


lapse following pneumonothorax. 

Fig. 3.—Roentgenogram illustrating the presence of obstructive emphy- 
sema of the left lung. Histologic report of tumor mass removed broncho- 
scopically: tuberculous granuloma. 
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Fig. 4.—Roentgenogram illustrating “fibroid tuberculosis with multiple 
cavitation.” Cytologic diagnosis: squamous cell carcinoma. 


or frequently interrupted chemotherapeutic programs. And although 
this complication initially pertained only to streptomycin-treated 
patients, there is now recognized a similar group of patients infected 
by isoniazid-resistant strains of M. Tuberculosis. Obviously, resist- 
ance to this therapeutic agent also stemmed from the unintentional 
practice of drug abuse. | 


This untoward reaction to chemotherapy, in allowing for the 
continued presence of drug-resistant tuberculous lesions of the bron- 
chial mucosa, is of major clinical significance: inadvertently it has 
been responsible for a re-recognition of the importance of the bron- 
chial factor in the tuberculous patient, and has afforded an oppor- 
tunity for bronchoscopy to re-establish or re-affirm its position as an 
indispensable one in his management. And of equal importance is the 
fact that, despite the initial serious content of this complication, the 
evolution of refraction to specific drug therapy is accountable for 
developing the practice of using the various antimicrobial agents 
alternatively: this method of drug administration, together with the 
subsequent development of other and more effective antimicrobial 
agents over the ensuing years, has already proven to exercise an appre- 
ciable measure of control on these epithelial lesions of drug-resistant 
tuberculous infections. 








ENDOBRONCHIAL LESIONS 1039 





Fig. 5.—Roentgenogram illustrating a mass hilar lesion presumed to be 
carcinoma. Smears and cultures positive for tubercle bacilli. 


2. POSTOPERATIVE COMPLICATIONS 


In the era prior to chemotherapy, it was generally accepted that, 
in the presence of acute lesions of tuberculous tracheobronchitis, col- 
lapse or compressive measures, such as pneumothorax and thoraco- 
plasty, were contra-indicated because of the resultant high incidence 
of obstructive complications. Pulmonary resection was resorted to 
only in the healed or stenotic stage, and surprisingly, was associated 
with a remarkably low morbidity. During this same phase bron- 
choscopy came to be used extensively, both for the detection and 
evaluation of these lesions, and for the therapeutic application of 
various caustics in an attempt to control or inhibit their reformation. 


Eventually it was seen that under the protective influences 
exerted by the chemotherapeutic agents on the lesions of tuberculous 
bronchitis, and because of the notable improvements in the surgical 
techniques associated with thoracotomy, the practice of pulmonary 
resection advanced to a position of pre-eminence in the treatment of 
pulmonary tuberculosis. This newly gained position was soon seri- 
ously jeopardized however, for despite these favorable influences post- 
operative complications, especially bronchial fistula and bronchial 
stump ulcerations, continued to occur in discouraging numbers. 
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Fig. 6.—Photomicrograph of resected bronchus illustrating caseous 
tubercle in submucosa with ulceration of overlying mucosa. 


Investigation as to the causes of these failures revealed that they 
occurred in greater incidence when bronchial transection was effected 
in patients with moderately advanced or far advanced disease, in 
patients with positive sputum, and in patients with active lesions of 
mucosal tuberculosis. It is especially noteworthy to insert that chemo- 
therapy did not afford the absolute protection for surgery that was 
expected of it. This was evidenced by the disclosure of a high inci- 
dence of infection, both mucosal and mural, in the histopathologic 
examinations of the resected specimens (Fig. 6). It was disclosed, 
too, that because of the protection supposedly offered by chemo- 
therapy, the practice of pre-operative evaluation of the bronchial 
airway was considered unnecessary, and the significance of endo- 
bronchitis was disregarded. 


Apparently, however, little difficulty was encountered in recog- 
nizing the causal similarity of this situation with the one previously 
recounted—the emergence of drug-resistant infections as a conse- 
quence of random, unsupervised chemotherapy—for almost immedi- 
ately there was evident a re-recognition of the therapeutic limitations 
of the antimicrobial agents, and a re-appreciation of the seriousness 
of tuberculous tracheobronchitis. 


Somewhat paradoxically, these adverse experiences with drug 
therapy in the surgery of tuberculosis have further enhanced our 
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Fig. 7a and b.—Roentgenograms illustrating the presence of right hilar 
lymph nodes causing a “middle lobe syndrome.” 





Fig. 8.—Roentgenogram illustrating the presence of dense hilar lymph 
nodes, one of which is seen encroaching on the lumen of the right main 
bronchus. 
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knowledge of bronchopulmonary physiology and pathology, and have 
stimulated us to the quick recognition of the proper use of the chemo- 
therapeutic agents: through them we have learned that even prolonged 
chemotherapeutic programs have not lessened the need to render 
proper consideration to the condition of the bronchial mucosa in 
anticipation of surgery: that success or failure in pulmonary resection 
to a great measure is a reflection of the integrity of this mucosa, and 
that this integrity can only be ascertained through a competent 
bronchoscopic examination. 


3. LYMPH NODE TUBERCULOSIS 


Of most recent origin, in considering the endobronchial lesions 
of pulmonary tuberculosis, are the obstructive complications identi- 
fied as being due to the compressive and perforating effects of extra- 
bronchial tuberculous lymph nodes. Of frequent occurrence in child- 
hood tuberculosis, this same type of lesion is being noted with increas- 
ing frequency in adult tuberculous patients. In both groups, these 
nodes exhibit a tendency to indent, erode, and finally perforate into 
the bronchial or tracheal lumina. Such perforations are of critical 
seriousness, for, in addition to their obstructive effects, they also pro- 
duce an acute exacerbation of the disease, allow for spread or dissem- 
ination of infected material, and often are characterized by severe 
hemorrhage. Their response to antimicrobial therapy is character- 
istically poor, and necessarily many eventuate in some form of emer- 
gency surgical extirpation. 


Roentgenographically lymph node tuberculosis in the adult char- 
acteristically evidences exceptionally large hilar or peribronchial 
masses, frequently affecting indentations in the tracheobronchial lum- 
ina, and occasionally associated with various phenomena of obstruc- 
tion. Asa rule the parenchymal pulmonary disease is minimal (Figs. 
7 and 8). 


Bronchoscopically, there is commonly observed a progression 
of pathologic findings, beginning with deformity of the tracheal or 
bronchial walls by extraluminal compression (which compression is 
usually displaceable by the bronchoscope), then consecutively a series 
of changes due to the actual invasion of the bronchial walls by the 
tuberculous nodes: these consist of acute mucosal inflammatory reac- 
tion; edema and polyp formation; ulceration and granulation; and 
finally evidence of perforation with intrusion of necrotic and caseous 
tissue. 
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Its refraction to chemotherapy lends strong inference that lymph 
node tuberculosis in the adult also is a manifestation of drug-resistant 
infection, another of the acquired endobronchial complications to be 
coped with in the management of pulmonary tuberculosis. 


COMMENT 


In an examination of the management of the tuberculous patient 
as it has been carried out during several eras of therapy, it is readily 
seen that the therapeutic problems that beset us are repetitious and 
continuous. The issues of the prechemotherapeutic era are exactly 
duplicated in the chemotherapeutic era; and our responses and reac- 
tions to both are identical. 


Deliberately an attempt has been made to stress the basic impor- 
tance of lesions affecting the integrity of the tracheobronchial mucosa 
as they reflect on the over-all management of the tuberculous patient. 
The history of these lesions confirms the indictment held against them 
as being essentially obstructive, and directly responsible for many 
of the calamities that have complicated management. 


In according full and proper credit to the antituberculous chemo- 
therapeutic agents for their suppressive effects on the lesions of tuber- 
culous tracheobronchitis, it is to be noted that equal emphasis is put 
upon the limitations of chemotherapy. The recognition and accep- 
tance of these limitations is the first step requisite to their proper use. 


In support of these claims, a presentation of several newly ac- 
quired endobronchial complications is made, and by evaluating their 
pathogeneses, evidence is revealed strongly incriminating the fallacy 
of indiscriminate or uncontrolled drug administration. It is further 
disclosed that the advent of the chemotherapeutic agents has not 
detracted from the value of, nor allowed for the elimination of bron- 
choscopy, as an integral component and indispensable diagnostic agent 
in the management of the tuberculous patient. Conversely, it has 
many times been shown that it is only through the practice of bron- 
choscopy, serially and repeatedly, that the complications of tubercu- 
lous endobronchitis may be averted. 


255 SouTH 17TH STREET 
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SURGICAL REPAIR OF THE SOUND CONDUCTIVE 
MECHANISM OF THE MIDDLE EAR 


Emery I. Pick, M.D. 


Los ANGELES, CALIFORNIA 


Several attempts were made during the last century to repair 
defects of the conductive mechanism of the middle ear. Introduction 
of successful middle ear surgery in our own days came about through 
four basic achievements: the discovery of the antibiotics; the intro- 
duction of the dissecting microscope; the steady refinement of opera- 
tive techniques; and a more thorough understanding of the physiology 
and pathology of sound conduction in the middle ear. The latter 
was mainly stimulated by the emergence and consolidation of fenes- 
tration surgery which is connected with Holmgren, Barany, Sourdille, 
Lempert, and Shambaugh. Surgical repair of defective sound conduc- 
tion received still another impetus through the revival of stapes mobil- 
ization by Rosen, and by Zéllner and Wullstein’s work in plastic 
reconstruction of the middle ear. 


The function of the middle ear is to deliver the sound energy 
received by the tympanic membrane to the cochlea, and to match the 
impedance of the inner ear. Without this matching mechanism most 
of the sound energy reaching the cochlear fluid would be lost. Drum 
membrane and ossicles together transmit, and at the same time increase, 
the sound energy received by the drum. The increase is due to the 
difference between the surface areas of the tympanic membrane and 
the footplate of the stapes (hydraulic pressure ratio) and the trans- 
former action of the ossicular chain (lever ratio). The whole active 
combined transformer ratio amounts on the average to 26 to 30 db. 
But sound transmission to the oval window is only one prerequisite of 
hearing. The other is a phase difference between the sound energy 
reaching the oval and the round windows. Sound travels to the round 
window through different media and is therefore attenuated as com- 
pared to the energy received at the oval window. 


From the Medical School, College of Medical Evangelists, Los Angeles, California. 
Read at the Sixth International Congress of Otolaryngology, Washington, D.C., 
May, 1957. 








SOUND CONDUCTIVE MECHANISM 1045 


Accidents, diseases, or previous operations may affect these func- 
tions of the middle ear. A great variety of defects are observed. 
Essential parts of the transformer system may be damaged or entirely 
absent, or their functional efficiency reduced by stiffness, friction, or 
an increase of mass. All these pathologic changes are reflected 
alterations of the auditory threshold curves. 


The aim of surgical repair and reconstruction of the middle ear 
is to re-establish as far as possible the physiologic pattern of sound 
conduction. While the methods vary in accordance with the manifold 
defects encountered, they have to fufill two basic objectives: to pre- 
serve or reconstruct sound transformation at the oval window, and 
to provide sound protection at the round window. Sound protection 
means restoration of phase differential by separation of the two win- 
dows and it often calls for creation of an air-containing cavity, at the 
round window, usually referred to as the “small tympanum.” The 
phase difference resulting from this procedure leads to a hearing im- 
provement of 12 to 20 db. For the purpose of repair and reconstruc- 
tion of the middle ear the otologic surgeon can select between myringo- 
plasty, tympanoplasty, myringostapediopexy, stapes mobilization, and 
fenestration operation, as the condition might indicate (Table I). 


Necessary prerequisites of successful surgical repair and recon- 
struction of the middle ear are good bone conduction and a patent 
eustachian tube. Serviceable hearing may be expected only when the 
average bone conduction loss in the speech frequencies is not more 
than 30 db. The hearing test is also informative with regard to air 
conduction. A hearing impairment of up to 65 db may be due to 
changes in the middle ear, mostly from middle ear diseases, while a 
loss in excess of 65 db is due to superimposed perceptive deafness. A 
mild hearing impairment by air conduction, of not more than 30 
db, indicates a defect of the tympanic membrane; a 30 to 50 db loss 
points to an interrupted but still reparable ossicular chain; a loss above 
§0 db signifies irreversible damage to the ossicular chain. In these 
latter cases the remnants of the outer ossicles should be removed, but 
no attempt spared to retain the functionaily important stapes. 


Clinical examination of the ear, and the hearing test give only 
approximate information regarding the condition of the sound conduc- 
tive mechanism. Sometimes it is impossible to arrive at an exact 
estimate of the defects before the actual repair and reconstruction, and 
final plans can be made only at the operating table. Preoperative 
diagnosis, however, has been greatly aided by the introduction of 
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three new techniques: evaluation of the effect of various prostheses, 
use of the sound probe, and, most important, inspection of the middle 
ear by means of the operating microscope. 


Prostheses greatly facilitate the preoperative diagnosis and local- 
ization of interruptions of the ossicular chain. If hearing returns to 
normal as soon as a perforation of the tympanic membrane is closed 
with a simple tissue cover, it can be assumed that the ossicular chain 
isintact. When there is hearing improvement after a small wet cotton 
plug has been brought into contact with the exposed naked stapes, we 
may expect that the hydraulic ratio can be restored. In other cases 
hearing improves only after a prosthesis has been manipulated into 
the round window niche; this indicates that it will be necessary to 
separate the two windows in order to establish a phase differential. 
Zéllner stressed that one cause of error in diagnosing the defect is 
that the cotton plug touches the drum remnants or covers both win- 
dows at the same time. All these prosthetic tests are performed pre- 


operatively. 


The sound probe and its application were first described by Zdll- 
ner and Thullen. The test consists of a comparison of threshold 
stimuli in various spots of the middle ear. The sound probe has proved 
invaluable in localizing interruptions of the ossicular chain, as well 
as in determining the efficiency of the windows—before and during 
middle ear surgery—particularly tympanoplasty and stapes mobiliza- 
tion. In making the preoperative diagnosis, if a perforation is present, 
a few drops of two per cent xylocaine are instilled into the tympanic 
cavity, and under magnification the middle ear is mapped out point 
by point. The probe is applied to landmarks like the posterosuperior 
wall of the auditory canal, drum remnants, umbo, promontory, incus, 
stapes, and comparative audiograms at three frequencies are obtained. 
Sometimes it is impossible to localize hidden adhesions. During oper- 
ation performed under local anesthesia, the sound probe test will 
demonstrate the effectiveness of the repair. 


Inspection with the operating microscope during surgery clinches 
the diagnosis, and enables the otologist to decide what needs to be done. 


Congenital anomalies of the middle ear present a great variety 
of defects. Depending on the findings in each individual case, tym- 
panoplasty or, if not feasible, fenestration or a combination of both 
might be indicated. With fenestration a deficit is, of course, unavoid- 


able. 
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Diseases of the middle ear will heal in the great majority of cases 
without permanent damage to the sound conductive mechanism; some- 
times, however, drum membrane, ossicular chain, ligaments, muscles, 
tympanic mucosa, and the windows remain impaired. Some of these 
lesions will respond to conservative management while others are 


amenable only to surgical repair. 


Acute purulent middle ear infection nowadays becomes only 
infrequently a surgical problem. It is, however, necessary to keep in 
mind the masking effect of the antibiotics. Some cases of acute 
otitis media recover to all appearances completely, but hearing does 
not return to normal. In such instances surgical middle ear explora- 
tion is indicated to determine whether adhesions, fibrosis, fixation of 
joints or ligaments has taken place, or whether there is necrotic disin- 
tegration of an ossicle, usually the incus. 


The secretory type of middle ear inflammation usually starts with 
tubal obstruction, then tympanitis sets in; in most cases transudation 
extends later on throughout the cellular structures of the temporal 
bone. Sound conduction changes with the different stages of patho- 
logic involvement: tubal obstruction results in low-tone loss; with 
greater accumulation of fluid, there will be a high-tone loss; subse- 
quently increased friction leads to a flattening of the curve; finally, 
if and when stiffness develops, the low-tone range will tilt down again. 


Treatment of secretory otitis media is planned to promote resolu- 
tion before the sound conductive system of the middle ear suffers 
lasting damage. Obstinate cases might require repeated paracentesis, 
and even placement of a small drain through the tympanic membrane 
has been advocated. In our experience, permanent perforation can be 
avoided by making a small endaural incision into the floor of the 
auditory canal, at a distance of 3 to 4 mm from the tympanic mem- 
brane; the lower insertion of the drum membrane is elevated and an 
18 gauge polyethylene tube inserted into the middle ear cavity; it is 
secured in position for a few days by gauze strips loosely packed into 
the canal. 


For dilatation of intractable stenosis of the eustachian tube a new 
method has been proposed by Zéllner. A silk, nylon, or tantalum 
thread is guided from the middle ear down into the tube and recovered 
through the nostril. At first glance this maneuver seems intricate, but 
it is actually quite simple. In one particular case, silver thread was 
used and left in situ for three weeks; hearing improved and the eus- 
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ADHESIVE EAR. POSTERIOR PART OF THE DRUM 
IS BOUND DOWN. UPPER SECTION CALCIFIED. 
SOUND PROBE TEST INDICATED INTERRUPTION 
OF THE OSSICULAR CHAIN. TYMPANOPLASTY 
2/17/56. SCAR OF DRUM WAS EXCISED; 
ADHESIONS, FIBROTIC BANDS WERE REMOVED. 
SOUND PROBE INDICATED RESTORED MOTILITY 
OF THE OSSICULAR CHAIN. SKIN GRAFT 
COVERS EXCISED DRUM AREA. 



































































LOSS OF LEVERAGE RESTORED LEVERAGE 
DIFFERENTIAL GREATLY IMPAIRED RESTORED DIFFERENTIAL 
Fig. 1.—Adhesive Ear. Tympanoplasty, with restoration of leverage and 


differential. 


tachian tube remained open for three months; but then the hearing 
gradually dropped again, without any detectable pathologic changes 
in the upper respiratory tract. 


The number of “adhesive ears” has been steadily increasing over 
the last few years, and thus the problems connected with this condition 
assume ever greater importance. The audiogram shows at first a 
friction-type curve, in which usually all frequencies are equally 
affected; once marked fibrosis sets in a “stiffness tilt” can be observed. 
Formerly only fenestration was available as a surgical procedure for 
recovery of hearing in suitable cases. With the advent of plastic 
reconstruction it is now possible to remove the drum membrane, partly 
or totally, to loosen adhesions, excise fibrotic bands, and restore hearing 
by myringoplasty or tympanoplasty (Fig. 1). Fenestration is still 








1050 EMERY I. PICK 


TRAUMATIC RUPTURE OF RIGHT DRUM OF A DEEP SEA DIVER. ANTERIOR 
PART OF THE DRUM MISSING. MYRINGOPLASTY 11/19/56. GOOD TAKE. 
HEARING IMPROVEMENT EXPECTED AT LATER TIME WHEN GRAFT WILL THIN 

































































out. 
EPITHELIUM REMOVED BETWEEN EDGES OF 
PERFORATION AND DOTTED LINE. AT 
SHRAPNELL MEMBRANE BORDER ONLY THE 
EDGE IS REFRESHED. 
| ise 2s0/ sap) veco| s0co | «one | sooo! nom =| se | see son | 1900 | sono | «000 | ea00 |1 1000) ! 
° ' . a me | T 
1° t _ 
. 124. 
Py 20 LO | 
20 —s 
pa _ 
| oft | 
|so¥+——+ = 
*leo ; a a a 
V|\70 ae 
ee T : ae 
~ ae 
R ue So 





Fig. 2.—Traumatic Rupture of Right Drum. Myringoplasty. 


indicated whenever the oval window is completely fixed and beyond 


repair. 


Dry perforations of the pars tensa of the tympanic membrane 
will frequently require surgical repair. Large perforations usually lead 
to more pronounced impairment of high-tone hearing, where as small 
ones affect mainly the low-tone range. As a rule, the drop in sound 
pressure is commensurate with the size of the perforation; but occa- 
sionally the loss is out of proportion, particularly when remnants of 
the tympanic membrane are detached from the manubrium, or when 
the central portion of the drum is damaged. Conservative closure 
is successful in 85 per cent of cases, but is very time-consuming; 
furthermore, the procedure cannot be applied when the perforation 
extends to the wall of the bony canal. Myringoplasty produces good 
results in 90 per cent of cases (Figs. 2, 3, 4). With proper selection 
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DRY CENRAL PERFORATION. 

yn INSPECTION REVEALED INTRATYMPANIC 
SOUND PROBE TEST INDICATED THAT THE OSSICULAR 
CHAIN WAS NOT INTERRUPTED. 

MYRINGOPLASTY WITH DISSECTION OF ADHESIONS 
11/15/55. 
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EVER ACTION LEVER AND DIFFERENTIAL 
Lost DIFFERENTIAL ACTION RESTORED 


Fig. 3.—Dry Central Perforation. Myringoplasty, with restoration of 
leverage and differential. 


of patients, and provided the loss is not more than 30 db, hearing may 
return postoperatively to the bone conduction level. 


Chronic otitis media is the condition most frequently necessitating 
repair and reconstruction. Every type of chronic otitis media with or 
without complications might be benefited by tympanoplasty. In 
general, tympanoplasty is indicated for the correction of any patho- 
logic condition of the middle ear which until now used to require a 
radical mastoid operation. 


The treatment of chronically discharging ears has undergone 
profound changes during the past few years, but the basic aim is still 
the same, i.e., elimination of all diseased tissues. Beyond that there 
is now the functional goal to retain, to repair or reconstruct the sound 
conductive properties of the middle ear, to keep the eustachian tube 
patent, and to preserve or re-establish mobility of the windows. 
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TOTAL DRY PERFORATION. BOTH WINDOWS 
EXPOSED. HEALTHY MUCOSA LINING. 
MYRINGOPLASTY 9/18/56. GOOD TAKE. 
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OST OF THE LEVER RESTORED LEVER AND 
ACTION IS LOST. DIFFERENTIAL ACTION 
PHASE DIFFERENCE LOST 


Fig. 4.—Total Dry Perforation. Myringoplasty, with restoration of 
leverage and differential. 


Attic perforations will not interfere with sound conduction as 
long as the ossicular chain is intact. Granulation tissues and cholestea- 
toma is meticulously removed, the ossicles are protected by gelfoam 
or tiny bits of catgut, and the cavity is covered with a skin graft. 


Central or marginal perforations of the pars tensa, in chronic 
otitis media, may result in a great variety of sound conduction defects. 
As long as the ossicular chain is not involved, there will be only 
moderate hearing impairment; but following interruption of the 
ossicular chain the deficit can reach 60 db or more. The combined 
transformer ratio of drum and ossicular chain amounts only to 26 or 
at most 30 db, and it is now recognized that any further hearing 
impairment must be due to loss of the phase differential. At any 
rate, a hearing improvement of 15 db or more can be obtained by 
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CHRONIC OTITIS MEDIA. CHOLESTEATOMA. FACIAL 
NERVE PARALYSIS OF TWO WEEKS DURATION. LOWER 
PART OF DRUM PRESENT. TYMPANOPLASTY AT 
2/23/56. NO OSSICLES WERE FOUND. FOOTPLATE 
WAS COVERED BY MATRIX WHICH WAS REMOVED. 
HEALTHY MUCOSA WAS FOUND IN THE HYPOTYMPANON. 
OVAL WINDOW WAS LEFT EXPOSED AND A SMALL 
TYMPANON WAS CREATED. 
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LOST LEVERAGE LOST LEVERAGE 
LOST DIFFERENTIAL RESTORED DIFFERENTIAL 


Fig. 5.—Chronic Otitis Media; Cholesteatoma. Tympanoplasty, creation 
of small tympanum, with restoration of differential. 


removing drum remnants and outer ossicles, thus establishing direct 
transfer of sound pressure to the stapes. A gain of 12 to 20 db 
is achieved by restoration of the phase differential between the 
two windows, which sometimes requires creation of a sealed-off air- 
containing cavity at the round window (small tympanums) (Fig. 5). 
Altogether, restoration of hearing depends on the degree to which 
function and separation of the windows can be re-established. 


From the viewpoint of reconstruction of sound conduction, or 
rather of transfer of sound impulses to the oval window, the most 
important ossicle is the stapes. Essentially the problem hinges upon 
the transfer of sound energy to the stapes. In mammalians sound 
transfer is mediated by the ossicular chain, but this extremely complex 
mechanism is merely a protective provision, and plays a part in the 
conduction of sounds of high intensity. It is not more efficient than 
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CHRONIC OTITIS MEDIA. CHOLESTEATOMA. 
GRANULATIONS AROUND THE VISIBLE STAPES 
HEAD. HAMMER HEAD AMPUTATED. MANUBRIUM 
AND GREATER PART OF DRUM RETAINED. SKIN 
GRAFT COVERS STAPES CREATING A COLUMELLA 
ACTION. 
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INCUS WAS DESTROYED TYMPANOPLASTY 7/17/56. 

BY CHOLESTEATOMA COLUMELLA ACTION CREATED. 
LEVERAGE PARTLY RESTORED. 
GOOD DIFFERENTIAL 


Fig. 6.—Chronic Otitis Media; Cholesteatoma. Tympanoplasty, crea- 
tion of columella action, with partial restoration of leverage, good differential. 


the much simpler arrangement in reptiles and birds, where sound 
energy is transferred by a single ossicle, the columella. When the 
entire stapes, or at least a major part of it, can be retained, such 
columella action may be created, often with restoration of good hear- 
ing (Fig. 6). 


The question whether a large or a small middle ear cavity should 
be constructed depends on how much of the ossicular chain and par- 
ticularly of the stapes can be retained. Fixation or interruption of 
the ossicular chain, adhesions, and the relationship of drum remnants 
to the stapes are carefully inspected with the operating microscope. 
One should not be dogmatic regarding the removal of adhesive bands; 
sometimes they favor sound transmission and should not be disturbed. 
Limited mobility of the stapes can be increased by cutting the sta- 
pedial tendon, whenever feasible. If the stapes is present and mobile, 
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CHRONIC OTITIS MEDIA. CHOLESTEATOMA. 
LARGE OPEN ATTIC. POSTERIOR-SUPERIOR 
PERFORATION. INTERRUPTED OSSICULAR 
CHAIN. STAPES INTACT. FACIAL RIDGE 
LOWERED AT THE TYMPANOPLASTY 11/18/55. 
SKIN GRAFT OVER STAPES AND OUTLINED 
AREA. 
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LOST LEVERAGE RESTORED LEVERAGE 
GOOD DIFFERENTIAL GOOD DIFFERENTIAL 


Fig. 7.—Chronic Otitis Media; Cholesteatoma. Tympanoplasty, with 
restoration of leverage. 


a large middle ear cavity should be created, and the graft brought into 
contact with the stapes (columella action, suggested by Wullstein) 
(Fig. 7). Sometimes, when a tympanomeatal flap of adequate size 
is available, it can be retropositioned to the stapes, after the bridge 
has been sufficiently lowered (myringostapediopexy, suggested by 
Juers). Creation of a small tympanum at the round window is also 
advisable when the footplate of the stapes is all that remains; the foot- 
plate is left exposed and not covered by a skin graft over the oval 
window niche, because it will heal with fibrosis, thus increasing the 
impedance. 


Fixation of the windows is fortunately rare in chronic otitis 
media. Stapes ankylosis is encountered in only one per cent of the 
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DRY a et te SIMPLE MASTOIDECTOMY 
T 


T. 
ROUND WINDOW EXPOSED. PROMONTORY LINED 
BY MUCOSA. PLASTIC REPAIR 8/14/56. 








LOST LEVERAGE LEVERAGE AND DIFFERENTIAL 
LOST DIFFERENTIAL REPAIRED. COL’ a ACTION. 
PROMONTORY REFRESHED 
Fig. 8.—Dry Radical Cavity. Tympanoplasty, creation of columella 
action, with repair of leverage and differential. 


cases. As long as the stapes can be mobilized, tympanoplasty will 
suffice. When it is impossible to mobilize the stapes, a small tympanum 
is fashioned and the procedure followed a few months later by 
fenestrations. Fibrotic or sclerotic areas surrounding or filling the 
window niches should be excised in order to provide the middle ear 
with vibrating windows. Any motion of the stapes will cause vibra- 
tion of the light reflex on the surface of irrigating fluid filling the 
round window niche, demonstrating that both windows function. 


Reconstruction of sound conduction in dry cavities after radical 
mastoidectomy is a most challenging task (Figs. 8, 9). Large defects 
with poor hearing are the rule; in 80 per cent of cases there is a loss 
of up to 60 db. Tympanoplasty can improve hearing in the great 
majority of radically operated mastoid cavities. When conductive 
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DRY, RADICAL OPERATED CAVITY. OVAL AND 

ROUND WINDOW EXPOSED. PLASTIC REPAIR Y 
2/11/57. ORIFICE OF TUBE WAS FOUND ! 
OBLITERATED; HERE THE FIBROSIS WAS r 
EXCISED. SQUAMOUS EPITHELIUM FROM THE 

PROMONTORY WAS REMOVED. HYPOTYMPANON 

WAS LINED BY HEALTHY MUCOSA. 





i 
LOST LEVERAGE OVAL WINDOW EXPOSED 
LOST DIFFERENTIAL SMALL TYMPANON CREATED. 
LOST LEVERAGE. RESTORED 
DIFFERENTIAL. 


Fig. 9—Dry Radically Operated Cavity. Tympanoplasty, creation of 
small tympanum, with restoration of differential. 


hearing impairment is due to a missing incus behind a drum of normal 
appearance, myringostapediopexy is the procedure of choice (Fig. 10). 
Myringostapediopexy is also used to correct mishaps during stapes 
mobilization, like fractures of the crura or joint disruption, provided 
the stapes can be mobilized. If this proves impossible, fenestration 
is advised, 


The results of tympanoplasty are gratifying. About 50 per cent 
of cases regain serviceable hearing; in another 25 per cent hearing 
improves, but does not come up to the serviceable level. The rate 
of success is much higher in cholesteatomatous chronic otitis, or in 
mixed otitis media with cholesteatoma as the most prominent feature; 
it is less favorable in the mucopurulent-granulomatous-polypous, as 
well as in the uncontrolled allergic type of chronic otitis media. In 
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CONDUCTIVE DEAFNESS. MASTOIDECTOMY THIRTY YEARS AGO. HARD OF 
HEARING SINCE THAT TIME. NORMAL LOOKING DRUM. MIDDLE EAR 
EXPLORATION WAS PERFORMED ON 11/25/55. INCUS WAS MISSING, 
STAPES WAS MOBILE. HAMMER REMOVED, BRIDGE LOWERED. 
TYMPANOMEATAL FLAP RETROPOSITIONED. WHENEVER MIDDLE EAR 
EXPLORATION IS PERFORMED A LARGE TYMPANOMEATAL FLAP SHOULD BE 
PREPARED. 
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LOST LEVERAGE ACTION MYRINGOSTAPEDIOPEXY 
LOST DIFFERENTIAL ACTION REPAIRED LEVERAGE AND 
DIFFERENTIAL 


Fig. 10.—Conductive Deafness; Incus Missing. Myringostapediopexy, 
with repair of leverage and differential. 


these groups the skin graft survived only in two cases out of ten; in 
two additional cases some remnants persisted close to the bony canal 
wall in such a manner as to shelter the round window sufficiently 
to improve hearing; in the other six cases the graft was completely 
destroyed, leaving only the hope that after dry healing a second at- 
tempt at functional improvement might be more successful. 


Tympanoplasty is generally considered a one-stage procedure, but 
under special circumstances it should be performed as a two-stage 
operation. Experience with chronic otitis media of the mucopurulent- 
granulomatous-polypous and the uncontrolled allergic types suggests 
that the two-stage procedure is preferable, and the patient is so 
informed before the operation. In the first stage every vestige of 
diseased tissue is eradicated, but an attempt is made to preserve as 
many of the structural elements as possible, in order to facilitate future 
reconstruction. In the second stage the sound-conduction mechanism 
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CLINICAL OTOSCLEROSIS. GROUP III. 

BONE CONDUCTION BELOW 30 DB. STAPES 
MOBILIZATION 1/10/57. THE AUDIOGRAM IS 
SELF-EXPLANATORY. 
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Fig. 11.—Clinical Otosclerosis, Group Il. Stapes mobilization; pre- and 
postoperative audiograms. 


is reconstructed. The two-stage operation is also indicated in some 
of the cases in which the promontory and the entire medial wall of the 
middle ear are found to be covered by squamous epithelium. Every 
vestige of squamous epithelium is completely extirpated, so that none 
remains inside the closed cavity. Asa rule, one or more spots of the 
lining mucosa of the middle ear have survived, and regeneration will 
take place to cover the denuded bone underneath the skin graft. 
However, when the mucous lining of the middle ear is completely 
destroyed, transplants, such as amniotic membrane, conjunctiva or 
buccal mucosa are used to replace the excised squamous epithelium. 
In two cases where buccal mucosa was employed for this purpose and 
covered by a graft in a one-stage tympanoplasty, the tissues broke 
down; to avoid this, the two-stage operation is preferred (Fig. 11). 


In the treatment of otosclerotic deafness, stapes mobilization has 
proved of great value. Taking advantage of recent improvements of 
surgical technique, stapes mobilization will restore normal auditory 
acuity in a percentage of cases, while in some others hearing returns 
to the serviceable level. The expected results can be predicted on 
the basis of the preoperative bone conduction level. Among patients 
with a bone conduction loss between 0 and 15 db (Group I), hearing 
returned in more than 50 per cent of cases close to the serviceable level, 
while in those with a bone conduction loss of 15 to 30 db (Group II), 
a comparable improvement was obtained in about 40 per cent. In 
Group III, with a bone conduction loss of more than 30 db, the results 
are on the average poor, but occasionally excellent (Fig. 11). 
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In performing stapes mobilization a diversified, flexible technique 
is applied, which has been described at length in an earlier paper. Only 
a few details will be mentioned here. The use of the operating micro- 
scope is indispensable. For hearing tests during the operation a simpli- 
fied version of the Zéllner-Thullen sound probe is employed. Contact 
is made with the incus or directly with the stapes, before and after 
mobilization; a comparison of these readings provides reliable infor- 
mation as to the degree of improvement obtained. Preoperatively 
the patient is informed of the expected results of the intervention, 
estimated on the basis of bone conduction. In particular it is pointed 
out that mobilization of the ankylosed stapes is only one step in a 
comprehensive rehabilitation program, and that if no satisfactory 
hearing level is regained fenestration can be performed at a later date. 
The routine of bilateral stapes mobilization in one session is preferred 
by the great majority of patients, as it gives them twice as good a 
chance for a hearing improvement. The only exceptions to this 
routine are when damage to the labyrinth is noted during operation 
on the first side, or when some other untoward condition arises. 


Fenestration operation is still the last resort in restoring sound 
conduction in clinical otosclerosis. Within recent years, however, the 
operation has been much improved: the technique is now simplified 
by a postauricular approach, by merely thinning and lowering the 
bridge, but still preserving it as a frame of the drum membrane, thus 
assuring normal blood supply to the drum, by providing a bloodless 
field while opening and covering the fenestra, and finally, by applying 
a free skin graft over the new window. Once these simplifications 
have been generally accepted, fenestration is apt to become a much 
more popular procedure. Following unsuccessful fenestration there 
is still a chance to recover some degree of useful hearing by combining 
mobilizations of the stapes with either tympanoplasty or tympano- 


stapediopexy. 


Whatever procedure may be selected, success of plastic surgery 
of the middle ear depends on meticulous attention to every detail 
of operative technique. Stapes mobilization, middle ear exploration 
and myringoplasty are performed under local anesthesia, while the 
other procedures call for general anesthesia by intubation. Arfonad, 
a ganglionic blocking agent, should be used whenever a bloodless field 
is required, and is of invaluable help in tympanoplasty, myringoplasty, 
and fenestration. Arfonad is a very short-acting drug, and the blood 
pressure can be conveniently controlled. 
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Myringoplasty can be performed through the speculum, but an 
endaural or postauricular approach is preferable. The postauricular 
approach is selected when the skin graft is taken from behind the ear; 
the endaural approach is used when the skin of the ear canal is applied 
as a pedicle flap, or a graft from some other source is utilized. 


The skin of the ear canal should be used only for repair of small 
perforations. The first step is the simple endaural Shambaugh incision; 
a second incision is carried parallel to the edge of the drum at a dis- 
tance of about 2 mm; a third cut connects the two previous ones, 
above or below, according to the quadrant in which the perforation 
is located. Such a pedicle flap can also be prepared and elevated for 
the sole purpose of providing better visibility; it is not used as a graft, 
and is reflected back to its original position at the end of the operation. 


If a pedicle flap from the skin of the ear canal is used for grafting, 
a raw surface remains in the meatus, which is prone to infection. It is 
therefore preferable to use a free graft; the most convenient source 
is the skin behind the ear, which is of very fine texture and has only 
a few elastic fibers. This is a full-thickness graft which has a better 
chance of survival, especially when it is necessary to bridge a large 
middle ear cavity. The graft must be well thinned out, in particular 
that portion which will form the angle between the drum and the floor 
of the canal. The surface epithelium is removed from the remaining 
parts of the drum for a distance of about 3 mm beyond the border 
of the perforation. When the perforation is larger or extends up to 
the bony canal, the epithelium is also stripped from the adjacent por- 
tion of the wall, in order to provide better nourishment for the graft. 
For the same purpose it is advisable to refresh the promontory. In 
stripping the squamous epithelium from the drum remnants, one 
should start from the periphery of the drum and proceed inward to the 
margin of the perforation. The next step is careful excision of the 
border of the perforation. The graft should overlap the edge of the 
denuded area by 2 to 3 mm. 


Before positioning the graft, tiny gelfoam pieces soaked in an 
antibiotic, or small pieces of catgut are placed into the middle ear 
cavity. This is done in order to keep the cavity open, prevent ad- 
hesions, and avert the danger of the graft being pushed into the middle 
ear cavity. The same technique is particularly useful when it is neces- 
sary to create a small tympanum at the round window, designed to 
communicate with the eustachian tube. 
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While surface tension will keep the graft in position, it is better 
to secure it with a thin layer of gelfoam; this in turn is held in place 
by little cellulose sponges, soaked in an antibiotic solution and loosely 
packed into a small silk cot. Too much pressure would push the graft 
through the perforation into the middle ear cavity, or impede its 
circulation. The packs are removed on the tenth day, and from then 
on saline-diluted antibiotic ear drops are used. Gentle inflation by 
catheter is started after two weeks. 


Antibiotics are used in copious doses, starting two days preoper- 
atively and continuing throughout the postoperative period. It is 
advisable to prescribe cortisone after the first week, in order to prevent 
fibrosis. The success of repair and reconstruction of the middle ear 
depends largely on control of any pathologic process involving nose, 
pharynx and nasopharynx. In spite of all supportive measures, how- 
ever, healing, scar formation, and eventual outcome will always be 
unpredictable and, in a certain percentage of cases, unsatisfactory, thus 
frustrating the best efforts of the surgeon. 


These unexplainable failures should not detract from the over- 
riding merits of surgical repair and reconstruction of the sound con- 
ductive mechanism of the middle ear. By judicious selection of pa- 
tients and choice of the procedure best suited for the specific require- 
ments of each individual case, the otologist is able to relieve conductive 
deafness in the great majority of instances. 


SUMMARY 


1. The physiology of the sound conductive mechanism of the 


middle ear is briefly described. 


2. Surgical repair and reconstruction aims at re-establishing the 
functions of the oval and the round window. 


3. Various procedures are available for preserving or reconstruct- 
ing sound transformation at the oval window, and separation of the 
two windows: myringoplasty, tympanoplasty, myringostapediopexy, 
stapes mobilization, and fenestration operation. The indications for 
each of these procedures in the various types of otitis media and other 
conditions affecting the sound conductive mechanism of the middle 


ear are discussed. 
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4. Details of the various procedures are presented, particularly the 
diagnostic and surgical use of operating microscope, prostheses, sound 
probe, etc. 

5. Use of the correct material and technique for grafts is of great 
importance. 

6. Under certain conditions tympanoplasty should be carried out 


as a two-stage operation. 
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RADICAL SURGERY ON THE TEMPORAL BONE 
AND LABYRINTH OPERATION FOR 
HEARING IMPROVEMENT 
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KAZUHIDE YasubDa, M.D. 
HirotosHi Kupo, M.D. 


YOKOHAMA, JAPAN 


In recent years chemo- and biotherapy has made such rapid 
strides that it has more or less eliminated operative treatment of acute 
mastoiditis and acute petrositis. Medical treatment thus has replaced 
the operative procedure in the inflammatory and especially suppurative 
stage, for which formerly surgery was resorted to in order to prevent 
meningeal involvement. 


Today, only those cases which become chronic after medical treat- 
ment and which do not respond to this form of treatment are con- 
sidered for surgery. 


There is no difference, anatomically, embryologically, or histo- 
logically, between the mastoid cells and the petrous cells, and between 
the bone tissue of the mastoid portion and that of the petrous pyramid. 
Likewise, there is no difference between both tissues histopathologically 
in suppurative inflammation. There is no bacteriological or roentgen- 
ological difference between petrositis and mastoiditis. The petrous 
pyramid, the mastoid portion and the tympanic cavity, namely, the 
deep parts and the superficial parts of the temporal bone, are insep- 
arably connected. Petrositis has been erroneously held to bring about 
paralysis of the abducens nerve or neuralgia of the trigeminus nerve, 
although anatomically the petrous pyramid does not directly contain 
these nerves. 


Anatomically: Petrous pyramid + mastoid portion = temporal 


bone. 
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TABLE I 


CLASSIFICATION ACCORDING TO THE GRADE OF 
INTENSITY OF THE INFLAMMATION 


{ 1) Mucoendosteitis catarrhalis 


| acuta 
| Pneumatocellulitis , 2) Mucoendosteitis purulenta 
temporalis acuta acuta 
| 3) Pneumatocellulitis purulenta 
Osteitis s. osteomyelitis acuta 


temporalis acuta 


circumscripta acuta 
Osteitis s. osteomyelitis 4 5) Osteitis s. osteomyelitis 
temporalis acuta diffusa acuta 
| 6) Osteitis s. osteomyelitis ne- 
croticans progressiva acuta 


) 
| 4) Osteitis s. osteomyelitis 


Histopathologically: Petrositis ++ mastoiditis osteomyelitis 
temporalis. 


The investigators up to the present time have held these two 
expressions as not true, because both the histologically or histopatho- 
logically true petrositis and the clinically so-called suppurative inflam- 
mation of the petrous apex are thought to be separate entities. 


It is similar to the relationship between the histopathological 
osteomyelitis temporalis and the clinical osteomyelitis temporalis. Both 
of these diseases together constitute one disease, but up to the present 
time they were held to be different diseases. Niho, in the Journal of 
Oto-Rhino-Laryngology in Japan (1942), classified the relationships 
between otitis media, mastoid cellulitis, mastoiditis, petrous cellulitis, 
and petrositis in a broad and narrow sense. The greatest purpose of 
our classification is in correcting the wrong idea about petrositis up 
to this time, which was restricted by Gradenigo’s syndrome. As 
mentioned above, in mild cases, that is, otitis media and mastoiditis, 
the disease is pneumatocellulitis temporalis; in severe cases this disease 
is osteomyelitis temporalis. We are unable to distinguish between 
pneumatocellulitis and inflammation of the bone tissue. 


The histopathologic changes in specimens obtained during radical 
mastoidectomy and petrosinectomy—radical operation for osteomye- 
litis chronica of the temporal bone (Figs. 1-13): 


The entire temporal bone is affected as a whole, but we can find 
in the specimens a mixture of destructions, degenerations and repair 
process of various stages. 
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Fig. 1.—Tegmen antri. Fig. 2.—Zygomatic cells. 





Fig. 3.—Retrosinus cells. Fig. 4.—Lateral semicircular canal. 





Fig. 5.—Around the superior semi- Fig. 6.—Posterior semicircular canal. 
circular Canal. 





.—Cell route leading to occipital Fig. 8.—Canalis Fallopi. 
condyle. 
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Fig. 9.—Anterior wall of auditory Fig. 10.—Tympanic ostium tubae 
canal. auditivae. 





Fig. 11.—Clinical petrous apex Fig. 12.—Petrous apex. 


(Niho, Hirano). 





Fig. 13.—Corpus sphenoidale. 
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Histopathologically so-called otitis media chronica in the broad 
sense is secondary osteomyelitis or osteitis temporalis chronica. Of 
course, primarily it is pneumatocellulitis temporalis acuta. 


The symptomatology of petrositis has until the present time 
been erroneously held to consist chiefly of paralysis of the abducens 
nerve, and neuralgia of the trigeminus nerve, namely, Gradenigo’s 
syndrome. Since these nerves have no foramen in the petrous pyra- 
mid, their paralysis or neuralgia should be regarded as complications 
of petrositis. There is a dura layer between these nerves and petrous 


bone. 


Roentgenology has been neglected somewhat in chronic cases. 
Niho and Takahata have classified the roentgenologic changes in 
chronic cases as follows: 1) cloudiness, 2) osteomyelitic, 3) bone 
absorption, 4) sclerotic. 


Operation of petrositis is as follows: 1) evacuation operation 
(drainage), 2) direct petrous operation. 


In acute cases an important part of the operation is drainage, but 
in chronic cases it is the fundamental rule in attico-mastoidectomy 
or in radical mastoidectomy to remove the involved bone tissues down 
to the healthy bone. This rule is also fundamental in the petrous 
operation. Accordingly the operation is much more difficult in 
chronic cases than in acute cases. Numerous operative methods have 
been presented by various authorities, and practically speaking, it 
is very seldom that we find only a limited area of inflammation in 
the petrous bone. Various grades of inflammation can be found in 
various parts of the petrous pyramid. Therefore, the decision as to 
the method of operation should depend upon the part involved. It 
is usually necessary to employ a combination of various operative 
methods. 


In 1942, S. Niho classified these combined operations of the 
temporal bone as follows: 1) conservative radical operation of osteo- 
myelitis temporalis, 2) radical operation of osteomyelitis temporalis. 


Skin incision is performed postauricularly. This incision is more 


convenient than an endoaural approach for the following reasons: 
1) elevation of the temporal lobe of the cerebrum and removal of 
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facies anterior to the petrous apex; 2) curettage of posterior, posterior 
inferior cell routes, and to the cell route leading to the occipital 
condyle. But I think the skin incision is not so important in com- 
parison with bone disease. 


At the present time in Japan the chisel is more convenient than 
the burr to remove the bony tissue. Involved bony tissue in the deep 
and fine structured portion is removed with curette. 


I open the antrum first, then remove retrofacial nerve cells, 
squama cells, angle cells, peri- and retrosinus cells, mastoid tip cells 
and zygomatic cells, etc. Then I curette the involved cells and bony 
tissue around the semicircular canals, the aditus and the epitympanum 
from behind. Special attention is paid to the incus and lig. mallei 
superior. When I find involved cell route or inflammatory changes 
in anterior superior, posterior superior and posterior cell routes, curet- 
tage is continued into the deep portion until healthy bone is seen. 


Next, I enter into the deep portion at the retrofacial nerve cells. 
The facial nerve is situated in front of this portion, the posterior 
semicircular canal is above, the sigmoid sinus behind and the jugular 
bulb in the inferiorly deep portion, 


The operative procedures up to this stage do not sacrifice the 
air conductive chain, namely, the ear drum, malleus, incus and stapes. 
The operation up to this stage is called the “Conservative Radical 
Operation for Osteomyelitis Temporalis” (Niho 1942). 


When the ear drum is in good condition and the degree of inflam- 
mation is slight in the anterior and the anterior inferior cell route, and 
in the tympanic cavity, it is possible to save the ear drum, the malleus 
and the incus, namely, the chain of the air conduction and other 
portions of the petrous pyramid. 


This is a conservative radical operation for osteomyelitis tem- 
poralis, as a means of saving the air conductive chain. The radical 
operation for osteomyelitis temporalis is the operation involving all 
of the temporal bone, sacrificing the air conductive chain. 


When the disease is severe and the operation is not adequate, the 
posterior wall of the auditory canal and bridge are removed, then the 
soft tissue of the auditory canal is incised. I remove the ear drum, 
malleus and incus sometimes before, sometimes after elevation of the 
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soft tissue of the auditory canal to the outer end of the bony auditory 
canal. 


Next, I chisel the floor of the bony auditory canal until the hypo- 
tympanum is visualized. Then I remove the anterior bony wall of the 
auditory canal, while the patient has his mouth open, because when 
the patient opens his mouth, capitulum mandibulae goes forward and 
the capusulotympanic space becomes wider. I remove the anterior 
bony wall of the auditory canal to the bony eustachian tube. I curette 
the hypo- and mesotympanal cavity very gently from the peritubal 
cells to the oval window, especially being very careful to remove 
granulations with the periosteal layer. After careful curéttage of 
the tympanic cavity the tensor muscle and tendon are removed, then 
I enter and curette the petrous cells over the carotid artery. Next, 
I cut the stapedial crura with its granulation tissue, employing staped- 
ial forceps which I devised. 


In the majority af acute cases, the operation thus far is adequate, 
but in some chronic cases insufficient for complete cure. 


The next stage is the removal of the facies anterior of the mastoid 
portion and the tegmen tympani utilizing the modified bone cutting 
forceps, namely, wide exposure of the temporal dura. Then the 
brain elevator which I devised is inserted between the dura and facies 
anterior pyramidis over the impressio trigemini. I elevate the tem- 
poral lobe to the petrous apex, and remove the involved bony tissues 
of the petrous apex utilizing chisel, curette and forceps. We call this 
operation the “Radical Operation for the Osteomyelitis Temporalis” 
(Niho 1942). 


In my experience during the past ten years, both conservative 
radical operation and radical operation for osteomyelitis temporalis 
yielded better postoperative hearing, especially in articulation, than 
atticomastoidectomy or radical mastoidectomy. 


During such operations sometimes we find fistula or necrosis of 
the semicircular canal. Formerly, we treated such chronic localized 
labyrinthitis conservatively. For this reason it required a long time 
before dizziness, headache, aural discharge, etc., were relieved. For 
about ten years we have removed the necrotic bony tissue and the 
membranous labyrinth down to the healthy labyrinth. Removal of 
all involved bony or soft tissue, that is, a radical operation for the 
osteomyelitis temporalis, before the labyrinth operation, is necessary 
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to prevent meningitis and postoperative deafness. Dizziness, head- 
ache and aural discharge disappear more quickly after radical opera- 
tion than following conservative treatment. 


Usually dizziness disappears several days after partial labyrinthec- 
tomy. During the past ten years I have performed this operation 
in about 100 cases. In many cases there was an improvement of 
postoperative hearing. 


In 1955 we advocated four grades of operations for the improve- 
ment of the hearing: 1) conservative radical operation for osteomye- 
litis temporalis, 2) radical operation for osteomyelitis temporalis, 
3) radical operation for osteomyelitis temporalis with fenestration, 
4) radical operation for osteomyelitis temporalis with partial laby- 
rinthectomy. 


Last year we proposed a classification of the labyrinth operation 
of the semicircular canal as follows: 


1) Removal of the involved bony tissue at the perilabyrinth 
portion. 
2) Fenestration operation: 
A) Exposure of the membranous labyrinth 


B) Opening of the exolymphatic space 


3) Partial labyrinthectomy: 
A) Removal of granulation tissue in the semicircular canal 
down to healthy portion 


B) Removal of granulation tissue down to the utriculus 


C) Disappearance of semicircular canal due to chronic 
inflammation 
a) carious bony tissue 


b) compact bony tissue 


Involvement of the semicircular canal causes not only dizziness 
or headache and deafness, but also endangers the life of the patient. 
When such involved bony and soft tissues from the semicircular canal 
or the utriculus are removed, the functions of the labyrinth, especially 
hearing, will return to a certain extent. 
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Among these operations for hearing improvement, the conserva- 
tive radical operation in mild cases is the best. But in severe cases, 
especially for the hard of hearing after radical mastoidectomy, the 
radical operation for osteomyelitis temporalis (Niho) is the best. In 
cases of over 12 months after reoperation the postoperative hearing 
showed remarkable improvement. They do not have to use a hearing 
aid. The purposes of radical operation for osteomyelitis temporalis 
with labyrinth operation are as follows: 1) Prevention of meningitis, 
2) Disappearance of dizziness, headache and aural discharge, etc., 
3) Prevention of deafness and improvement of hearing. Postoperative 
hearing improvement of radical operation for osteomyelitis temporalis 
and radical operation with labyrinth operation is not so remarkable 
in audiograms, but the results of a conversational speech-hearing test 
of 18 cases conducted at a distance of 3.3 m improved to a distance 
of 5.3 m. 


SUMMARY 


Niho and his associates, in the Journal of the Oto-Rhino-Laryn- 
gology in Japan (1942), advocated osteitis or osteomyelitis temporalis 
(otitis media in the broadest sense) chiefly from a histopathological 
point of view. Also from a surgical point of view, Niho and his 
associates advocated conservative radical operation and radical oper- 
ation for osteomyelitis temporalis (1942). 


In 1955, four grades of operation were advocated for hearing 


improvement: 
1) Conservative radical operation for osteomyelitis temporalis 
2) Radical operation for osteomyelitis temporalis 
3) Radical operation for osteomyelitis temporalis with fenestra- 
tion 
4) Radical operation for osteomyelitis temporalis with partial 
labyrinthectomy. 
In 1956, we proposed a classification of the labyrinth operation 
of the semicircular canal as follows: 


1) Removal of the involved bony tissue at the perilabyrinth por- 


tion 
2) Fenestration operation 


3) Partial labyrinthectomy. 
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PAPILLOMA LARYNGIS 


Eetco Hurzimca, M.D. 


GRONINGEN, NETHERLANDS 


Laryngeal papilloma is a mysterious tumor. It is well to discuss 
it in detail at an international congress, although I fear that for the 
time being it will remain a mysterious tumor. There is in the literature 
still a certain confusion about the nature of the tumor. Most authors 
consider it an epithelioma, but there are still some who call it a 
fibro-epithelioma. It seems to me that the cause of this confusion 
is an old publication of the great pathologist, Virchow,’ who at that 
time considered papilloma in general as a fibroma; he called it a 
fibroma papillare. But he changed his opinion and later he considered 
it as an epithelioma. It might have been wise to seek the guidance 
of a pathologist on this matter. However, contrary to what used 
to be the case, little has been published on the subject by pathologists 


in the past few years. 


It seems almost certain that the starting point of laryngeal papil- 
loma should be sought in the epithelium. Malignant degeneration 
into a carcinoma has been repeatedly described. Insofar as we are 
aware, a laryngeal papilloma has never developed into a sarcoma. 
But under the influence of this old publication of Virchow the opinion 
is still to be found even in the last literature that there is a fundamental 
difference between papilloma in children and adults: a fibro-epitheli- 
oma in children and an epithelioma in adults. This was also the 
opinion of an authority as Crowe.” The great differences in the 
clinical evolution are also explained by this factor. However, there 
are only differences in degree. It is quite obscure why precisely it is 
in young children that we see these multiple papillomas, which have a 
great tendency to recurrence. But these multiple papillomas which 
have a great tendency to recurrence also occur in adults. Malignant 
degeneration, which is said to be characteristic of adults, has also been 
described in children on a few occasions. In connection with this we 
have re-examined all the microscopical preparations of our cases in 

Read as part of a discussion of a Symposium on Papilloma of the Larynx, at the 
Sixth International Congress of Otolaryngology, Washington, D.C., May 10, 1957. 
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collaboration with the pathologist (Prof. Vos) and have once again 
established what has already been said many times. Microscopically, 
there is no difference to be found between papilloma in the child and 
adult, nor between single papilloma and multiple papilloma. 


The starting point of another confusion is the classical publication 
of Virchow on pachydermia laryngis,* in which considerable attention 
is paid to laryngeal papilloma. This publication was inspired by the 
well-known dramatic case of the Emperor Friedrich. Virchow made 
the diagnosis of pachydermia on the basis of three, only very small 
and superficial excisions and by doing so he undoubtedly misled Sir 
Morell Mackenzie, although he warned against far-reaching clinical 
conclusions. It seems almost sure that the Emperor (still Crown 
Prince at the time) had all the time been suffering from carcinoma. 
The whole course of the disease lasted only 17 months. It was precisely 
on account of the microscopical findings of Virchow that this case, 
also due to the well-known inquiry instituted by Sir Felix Semon, led 
to the problem of malignant degeneration of benign laryngeal tumors, 
a problem which, so far as papilloma is concerned, is still topical today. 


In the publication, Virchow is very displeased with the laryngol- 
ogists who for certain tumors use the barbarous, bilingual word papil- 
loma. Many disorders in the larynx, as tuberculosis and carcinoma, 
present a papillomatous structure. We have not improved. Virchow 
compared laryngeal papillomas also with verrucae of the skin and still 
today reference is made to this analogy. His conclusion is: “In certain 
places of the larynx and the skin there are two kinds of proliferative 
processes which may be caused by the same stimuli and which are 
localized in the vicinity of the chronic inflammation: one producing 
warty products, and another, in which smoother, diffuser swellings 
develop all over the surface.”” Consequently, papilloma is classed 
with pachydermia. 


Although we are not so much farther than Virchow, we now 
try to distinguish sharply between papilloma and pachydermia. How- 
ever, one gets the impression that the confusion which started with 
Virchow is still going on today. This pretty certainly explains the 
great differences in malignant degeneration of laryngeal papillomas 
stated in the literature. Attention to this fact is also drawn by Hol- 
inger et al.‘ In fact, New and Erich® observed malignant degeneration 
in 3 out of 194 cases of papilloma; Jackson and Jackson® in 6 out of 
205 cases; Holinger et al. none in 109 cases. On the other hand, 
Cunning‘ found malignant degeneration in 38 out of 276 cases and 
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de Sanson and Amarante* even imply that papilloma is a transitional 
form towards carcinoma. Malignant degeneration of papilloma is 
very rare. It is not correct to class this often papillomatous looking 
pachydermia among the papillomas, as was done by the last-mentioned 
authors. 


As to the important question of the possibility of malignant 
degeneration the possibility of a very slowly developing carcinoma, 
to which old clinicians such as Hajek already drew attention, should 
always be borne in mind. Therefore, it should be claimed that the 
patient must have been under observation for a very long time. This 
was the case in one of our patients, who was followed up by us for 
almost 14 years and had a history of 17 years. She was 49 years old 
when she was first seen, on August 6, 1937. In the beginning of 
1934, thus more than three years previously, she had become hoarse. 
This had grown worse and worse. She became dyspnoeic so that 
tracheotomy was necessary. A great many papillomas were removed 
(microscopy: marked papilloma |Prof. Vos]). Decannulation was 
performed, followed by repeated removal of papillomas. The case 
showed an increasing tendency to recurrence. In 1948, x-ray treat- 
ment was carried out. In May, 1950, the patient presented a pro- 
nounced carcinoma, and again tracheotomy was performed. Laryn- 
gectomy was refused. The patient died in April, 1951, with esophago- 
tracheal fistula. A post mortem examination was not made. 


As to the etiology, opinions differ. A correct insight may be 
important for the treatment. It seems likely that a solution will never 
be found in the clinic. Consequently, this will only be possible in 
the laboratory, but not on the basis of microscopical examinations 
alone. Animal experiments should be carried out on a larger scale. 
In the first place it is necessary that further search be made for a 
virus. Reference is often made to the studies carried out by Ullmann,” 
but these have never been confirmed. The studies of Holinger et al." 
with tissue cultures seem to be promising. 


In a recent report by Bjérk and Weber" attention is drawn to 
the fact that in Finland there was a great increase in the number of 
cases of laryngeal papilloma during and shortly after World War II. 
This is explained by the bad hygienic and social conditions. A similar 
increase was also described by Nieuwenhuyse’ for the western part 
of the Netherlands, where there was also a great deal of suffering 
during the war. A study on the geographical distribution of laryngeal 
papilloma may contribute to a better insight. Following is a summary 
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of 120,000 new patients from the Otolaryngological Clinic of Gro- 
ningen. 


Benign tumors larynx 177 
Polypus, fibroma, angiofibroma, etc. 118 
Adults 113 
Children (under 16 years) 5 
Papilloma 39 

Multiple 22 (10 adults, 12 children) 
Single 17. (16 adults, 1 child) 


According to reports from the other university clinics in the 
Netherlands, laryngeal papilloma is a rare disease in our country. We 
think it especially important to establish the relationship with other 
laryngeal tumors, both benign and malignant, for the various coun- 
tries. Some data in the literature show very great differences in this 
respect. 


Our experience concerning laryngeal papilloma is very limited, 
but still it is sufficient to get an insight into the extremely capricious 
and greatly varying course in different patients. This applies especially 
to children. Two were cured after one treatment (forceps removal 
by direct laryngoscopy), three after four treatments. On the other 
hand, a 15-year-old boy was not cured after more than 200 treatments. 
On the contrary, there was an extensive spread downwards into the 
trachea. Tracheotomy was necessary; this was also the case in three 
other patients. In a few patients we tried another treatment; x-ray 
treatment in 6 patients, local podophyllin in 3, colchicine in 3, aureo- 
mycin in 2, dimenformon in 1 patient. Only x-ray irradiation 
produced a temporary result. However, it should be observed that 
all these treatments were applied only in the severest cases. 


NoOorDERHAVEN, 7 
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ELECTROPHYSIOLOGICAL AND CYTOCHEMICAL 
STUDY ON OTOTOXICITY OF 
DIHYDROSTREPTOMYCIN 


Fumio Nakamura, M.D. 


Kyoto, JAPAN 


The value of antimocrobial therapy in tuberculosis admits of no 
dispute. It is also generally held that an adequate regimen should 
include more than one agent. Streptomycin, dihydrostreptomycin, 
para-aminosalicylic acid and more recently isonicotinic acid com- 
ponent have been given according to various schedules. A non- 
ototoxic combination of drugs, such as isonicotinic acid and para- 
aminosalicylic acid, has recently been shown to offer therapeutic 
effect in the treatment of tuberculosis. However, streptomycin or 
dihydrostreptomycin is now still the most important drug in the 
treatment of tuberculosis, even though ototoxicity resulting from 
the administration of streptomycin or dihydrostreptomycin may 
occasionally limit the usefulness of these drugs in the therapy of 
tuberculosis. 


It has become clear that dihydrostreptomycin has a greater tend- 
ency than streptomycin to cause impairment of hearing, whereas 
streptomycin mainly affects the vestibular apparatus. 


A combination containing equal quantities of streptomycin and 
dihydrostreptomycin is certainly a means to minimize untoward side- 
effects on the two divisions of the VIII nerve without altering thera- 


peutic effect. 


Since the toxicity of any drug is related to the daily dose, duration 
of therapy and, therefore, the total dosage, the method of administra- 
tion may be an important factor in minimizing the ototoxicity of 


From the Department of Otolaryngology, Kyoto Prefectural Medical College, 
Kyoto, Japan. This work was supported by a grant from the National Research 
Council of Japan. 

Read before the Sixth International Congress of Otolaryngology, Washington, 
D.C., May, 1957. 
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dihydrostreptomycin and to obtain therapeutic effectiveness. It has 
been realized that the most advantageous use of dihydrostreptomycin 
in tuberculosis therapy is dependent upon the administration of this 
drug combined with other antimicrobial agent. 


In Japan otologists called attention to the high incidence and 
the severity of toxicity of streptomycin and dihydrostreptomycin 
since these drugs were used widely in sanatoriums and hospitals. We 
pointed out frequently that careful auditory tests were necessary to 
avoid permanent injury to the hearing which would add to the 
patient’s handicap, by means of which the latent hearing impairment 
could be disclosed as early as possible. Clinical survey shows obviously 
the fact that both careful otic examination, including audiometry 
and vestibular tests, and improvement of the method of administra- 
tion result in decrease in the incidence of ototoxic action of these 


agents. 


We have had the opportunity to perform a controlled experiment, 
comparing the neurotoxic effects of dihydrostreptomycin administered 
twice a week with those observed when it was employed daily. In 
one group, all patients received 1 gm of dihydrostreptomycin intra- 
muscularly in two divided doses twice a week and in another group 
all received per day 1 gm in two divided doses intramuscularly. 


Each patient received a careful otic examination, including neuro- 
logical, audiometer test and caloric test, before therapy was begun. 
An audiometric test was done every two weeks during the period of 
the treatment. Both air and bone conduction readings were made 
in all preliminary tests. Subsequent readings were for air conduction 
only unless a hearing loss was noted, in which case bone conduction 


readings also were made. 


During the period of dihydrostreptomycin therapy patients 
were found, by audiometric test, who did not complain of tinnitus, 
hearing handicap and other subjective disturbance in the ear but 
showed typical nerve deafness audiograms. The latent hearing loss 
is defined as that form where the hearing remains normal in the 
tones of the conversational frequencies, while the higher tones of 
hearing are more or less involved. The authors pointed out several 
times that the incidence of the latent hearing loss is most important 
in evaluating the toxic effect resulting from the administration of 
dihydrostreptomycin based on the clinical observation.’ 


In a series of patients who were treated with dihydrostrepto- 
mcin 1 gm per day, 79 out of 89 cases, that is, 85 per cent, showed 
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TABLE I 
Guinea Pig,No.| Total Dose; Sensitivity of Cochlear Microphonics in DB 
(in g.) 250 500 1000 2000 3000 4000 6000 8000 
93 1.7 25 35 35 45 45 40 40 35 
29 2.0 ° 5 10 10 30 20 40 35 
90 2.3 15 15 15 10 25 25 40 35 
92 3.0 25 25 20 70 40 40 40 35 
1g $.2 20 15 25 2s 45 35 40 35 
26 4.0 40 40 45 35 35 35 40 35 
47 4.4 5 10 20 30 45 35 40 35 
15 4.6 15 15 15 20 35 25 35 35 
55 4.8 20 20 15 15 30 35 40 35 
12 5.2 ° @) -5 .e) 5 5 20 20 
10 5.4 30 35 35 25 40 35 40 35 
2s €.2 40 40 25 45 45 45 40 35 
4° 6.3 5 5 0 0 s .e) 10 10 
110 7.5 35 40 45 45 45 50 40 35 
16 8.4 25 25 2s 4 40 30 30 35 
4 &.8 5 0 .e) 5 15 10 0 0 
2 9.5 45 55 50 45 45 50 40 35 
1 9.6 40 50 50 45 45 50 40 35 
25 25 20 30 40 35 40 35 
23 10.3 45 55 50 45 45 50 40 35 
8 11.8 30 30 35 45 45 50 40 35 
3 11.8 0 5 5 5 20 15 5 s 
37 12.0 35 45 45 35 40 50 40 35 
36 12.2 35 4s 50 35 35 50 40 35 
21 15.7 45 55 50 45 45 50 40 35 
57 14.2 40 45 50 45 45 50 40 35 
42 14.4 45 55 50 45 45 50 40 35 
43 18.2 35 55 50 45 45 50 40 35 
38 18.8 5 ie) ie) 5 5 5 0 5 
35 45 50 45 45 50 40 35 








20 db loss for higher tones over 3000 cps. In contrast to this finding 
32 out of 85 cases, that is, 37 per cent, exhibited same degree of 
hearing loss in higher tones in another series of patients receiving 
dihydrostreptomycin 1 gm twice a week. 


It should be pointed out that, since occurrence of the latent 
hearing loss is related to the administration method of the agent, it 
follows that the administration of dihydrostreptomycin bi-weekly 
would decrease both the incidence and severity of ototoxicity with- 
out the therapeutic disadvantage in the treatment of tuberculosis. 


We regret the fact that in Japan there are small numbers of 
patients exhibiting the latent hearing loss, which adds to their social 
handicaps. It must be emphasized that the ototoxic action of dihy- 
drostreptomycin is progressive even though the agent is stopped and 
is apparently irreversible. Therefore, we consider it is our duty 
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Sensitivity Loss of Cochlear Microphonics 
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Fig. 1.—The average sensitivity loss of the cochlear microphonics ob 


tained from dihydrostreptomycin treated guinea pigs and the normal ones. 
The depression of the cochlear microphonics is moderate in guinea pigs treated 
with doses less than 19 gm; however, when the administration dose is over 
10 gm, the sensitivity loss is more remarkable in whole range of the testing 
tones. 


to minimize the incidence of ototoxicity due to this agent and, more- 
over, to investigate the nature of the ototoxic action of dihydro- 
streptomycin. 


The selective effects of dihydrostreptomycin and especially its 
predilection for the auditory system are, for the otologists, interesting 
phenomena. The question whether the toxic action of dihydro- 
streptomycin on the acoustic system is localized in the sensory organ 
of the ear or in the central nervous system is still under active 
discussion. Histopathological and electrophysiological investigations 
published thus far are not adequate to give a full understanding of 
the ototoxicity of dihydrostreptomycin.** 


In animal experiments attention was given to the relation be- 
tween the degree and form of functional loss on the one hand, and 
the extent and localization of histological changes on the other. 
These previous studies have not enlightened us regarding the reaction 
of the sensory organ of the cochlea or central acoustic system at an 
early stage, which may be presumed to precede the marked changes 
observed. 


The cochlear microphonics linked directly to the energy metab- 
olism of the hair cells of organ of Corti. Modern cellular research 
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has made it possible to follow certain functional processes in the 


individual cells. 


It is the purpose of the present study to reveal how the correla- 
tion is affected by dihydrostreptomycin between the histological 
changes and the electrical activity in the cochlea. In the present paper 
we shall report the functional and cytochemical studies in dihydro- 


streptomycin treated animals. 


I. ELECTROPHYSIOLOGICAL STUDIES 


Method. Carefully selected, healthy adult guinea pigs were 
treated with daily subcutaneous injection of dihydrostreptomycin 
sulfate in amount equivalent to 200 to 400 mg per kg of body weight 
for a period up to 100 days. Dihydrostreptomycin was used in the 
form of the crystalline sulfate, having a potency of approximately 
800 micrograms base per milligram of substance, corresponding to a 
purity of about 95 per cent. 


At the end of the treatment with dihydrostreptomycin the coch- 
lear function was investigated. Each animal was anesthetized with 
urethan, the auditory bulla was opened and the cochlear microphonics 
and the action potential to tones and clicks carefully measured. The 
operation technique and the measuring apparatus are discussed else- 
where.® Care was taken to avoid any injury to the drum membrane 
and the ossicular chain. Two small holes were made at points in direct 
opposition across the cochlear duct, through which electrodes were 
inserted into the scala vestibuli and the scala tympani with a micro- 
manipulator under dissecting microscope. The electrical responses 
were led to the differential amplifier and the balancing network was 
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Effect of DC upon Cochlear Microphonics 


Current Flow from Scala Tympani 
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Fig. 2.—The effect of DC current on the cochlear microphonics. The 


increase or decrease of the amplitude of the cochlear microphonics is pro- 
portional to the current through the cochlear partition in normal guinea pig. 
The rate of increase or decrease is smaller in poisoned guinea pig than that 
observed in control. 


used to eliminate either action potentials or cochlear microphonics. 
The cochlear microphonics were recorded from a pair of differential 
electrodes. The tip of these silver electrodes was approximately 30 
microns. 


The sound stimuli employed were continuous pure tones and 
also brief clicks. Sound stimuli were led to the auditory canal by 
means of a plastic tube connected to a loud speaker. Single clicks 
were used to avoid interference due to successive stimulation. Sound 
stimuli for exposure were accomplished by a loud speaker driven by 
an audiometer in conjunction with a power amplifier. The intensity 
of the sound was determined by a sound level meter. 


Direct current passing across the cochlear partition was used 
for the observation of the effect of DC polarizing current on the 
cochlear microphonics. The current was introduced through two 
glass pipettes approximately 100 microns in outside diameter and 
filled with mammalian Ringer-agar connected to the saturated CuSO, 
solution. One pipette was inserted into the scala tympani of the 
basal turn, the other into the apical turn. These polarizing electrodes 
were connected to a polarizing circuit, which consisted simply of a 
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FATIGUE PHENOMENON OF THE COCHLEAR MICROPHONICS 


Normal 





Control 





3 3.1/12 min. 4 min. 8 min. 


Fig. 3.—The depression and recovery of the cochlear microphonics due 


to the exposure to sound in normal control guinea pig. The exposing tone is 


4000 cps, 90 phon lasting for 3 minutes. The cochlear microphonics to click 


are used as an index. While the cochlear microphonics are impaired tempo- 


rarily, their complete recovery is observed. 


battery of 250 volts, a DC microammeter, a current reverser and a 
switch. To avoid formation of bubbles and injury to the cochlear 
partition the current within 200 microamperes was used to flow in 
no longer than about five seconds. 


With the aim of determining the position of the drilled holes 
and the degree of injury in the cochlea due to dihydrostreptomycin 
intoxication or operative procedures, preparations were made for 


microscopic examination. 


At the end of the electrophysiological experiment, each animal 
still anesthetized, the carotid arteries were cannulated and the jugular 
vein incised, so that the temporal bones could be fixed in situ by 
perfusion of the head. The head was perfused at a hydrostatic 
pressure of approximately 120 mm Hg to reproduce the mean arterial 


pressure, using mammalian Ringer’s solution as a perfusing fluid by 
fixation solution. The temporal bones were removed and prepared 
for histological examination. The temporal bones were sectioned 
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FATIGUE PHENOMENON OF THE COCHLEAR MICROPHONICS 


Dihydrostreptomycin 
2.0 gm 





1 min. 3 min. 





4000 cps, 90 phon, 3 min. 





Control 





18 min. 33 min. 


Fig. 4.—The rapid decrease and the prolonged recovery of the cochlear 
microphonics due to the sound exposure in dihydrostreptomycin treated 
guinea pig. The exposing sound is the same as that in Figure 3. In poisoned 
guinea pig latent physicochemical disturbance due to dihydrostreptomycin 
intoxication may be manifested with the exposure to sound. 


at 20 microns and every fifth section was stained and mounted. Each 
cochlea was graphically reconstructed according to the method of 


Guild.‘ 


1. Sensitivity of the Cochlear Microphonics. Pure tones from a 
headphone activated by an audiometer were delivered through a 
plastic tube inserted tightly into the external auditory canal. The 
current through the phone was controlled by an attenuator calibrated 
in 5 db steps. The recording apparatus was calibrated so that the 
electrical response could be determined in microvolts. The sensitivity 
of the cochlear microphonics was determined by the necessary sound 
pressure to produce constant response and was established for fre- 
quencies from 200 to 8000 cps at octave intervals for 28 guinea pigs 
treated with dihydrostreptomycin of various total doses. 


Results obtained are tabulated in Table I. Care was taken to 
insert the recroding electrode at the constant place of the basal turn 
of the cochlea, because of the experimental data showing that the 
frequency characteristics of the cochlear microphonics is dependent 
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Guinea Pig No.1. Dihydrostreptomycin P 
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Fig. 5.—The cochlear chart and the sensitivity loss of the cochlear 
microphonics of guinea pig which received dihydrostreptomycin 9.6 gm. 
Unfilled areas show regions of damage, measured in millimeters from the base 
of the cochlea. 


upon the position of the recording electrode. The sensitivity of the 
cochlear microphonics was more seriously affected by the toxic action 
of dihydrostreptomycin in high tones than in low tones. 


The depression of the cochlear microphonics showed marked 
individual variation among guinea pigs treated with doses of less than 
10 gm of dihydrostreptomycin. However, when the administration 
dose is over 10 gm, the individual disposition was somewhat less and 
sensitivity loss was more remarkable not only in the range of high 
tones but also in the range of low tones. 


The difference is statistically highly significant between the 
sensitivity loss of guinea pigs treated with dihydrostreptomycin more 
than 10 gm and those less than 10 gm. Figure 1 illustrates the 
average sensitivity loss of the cochlear microphonics obtained from 
dihydrostreptomycin treated guinea pigs and the normal control ones. 
The sensitivity of the cochlear microphonics in normal guinea pigs 
is represented by zero line. 


When the cochlear microphonics was recorded at the basal turn, 
a sharp loss of sensitivity in the high tones was found. However, 
it was possible to obtain the response to the low tones at the upper 
turns. The experimental results are shown in Table II. 


2. Effect of DC Current on the Cochlear Microphonics. When 
the polarizing electrode in the scala vestibuli was connected to the 
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Fig. 6.—The Feulgen reaction in nerve cells of the Nuc. Oliv. in dihy- 
drostreptomycin intoxicated rat. The cytoplasma gives entirely negative 
reaction, while the nuclear membrane and the nucleolus positive reaction, 


source of the direct current, there was an increase in the amplitude 
of the cochlear microphonics. With a current flowing in the reverse 
direction, the decrease in the amplitude of the cochlear microphonics 
was observed as previously reported by Tasaki.’® The decrease or 
increase of the amplitude is proportional to the current through 
the cochlear partition in normal guinea pigs as shown in Figure 2. 
To examine the modification of the cochlear microphonics by direct 
current is worthwhile to find the focus of the disturbance in hair 
cells by dihydrostreptomycin. Small current less than approxi- 
mately 50 to 100 microampere did not influence the magnitude of 
the cochlear microphonics in the poisoned guinea pigs. Moreover, 
the rate of increase or decrease of the amplitude of the cochlear 
microphonics was smaller than that observed in the control experi- 
ment, as illustrated in Figure 2. In order to avoid injury caused by 
DC current through the cochlea, the current larger than 200 micro- 
ampere was not allowed to flow and the cochlear microphonics in less 


degrees in poisoned animals than in normal ones. 


3. Effect of Exposure to Loud Tone. Guinea pigs intoxicated by 
dihydrostreptomycin were selected for this experiment, in which the 
electrical response curve showed a slight loss in low and middle fre- 
quencies. The exposing tone employed was 4000 cps and its intensity 
was approximately 90 phon at the entrance of the plastic tube tightly 
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Fig. / 
Oliv. in dihydrostreptomycin intoxicated rat. 


nucleolus give positive stain ability with pyronin. 


amount of ribonucleic acid. 
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.—The pyronin-methylgreen staining in nerve cells of the Nuc. 


The Nissl granules and 
These cells contain normal 
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Fig. 8.—Various types of RNA-contents in the nerve cells from the 


Nuc. Oliv. of the intoxicated rats. 
gm) (Pyronin-methylgreen staining) 


l-group: 
2-group: 


(Total dose of dihydrostreptomycin, 1.5 


intense stainability as a whole in the cytoplasma 
weak stainability as a whole in the cytoplasma 
3-group: ring-formed stainability around the nucleus 
4-group: destruction of cell 
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Fig. 9.—The ultravioletspectrophotograph of the nerve cells from the 


Nuc. Oiv. in normal and intoxicated rat, to which 1.8 gm of dihydrostrepto 
mycin has been injected. The cells are unstained, fixed in Carnoy’s solution 
and photographed near the absorption maximum of the nucleic acids at 260 
millimicrons of ultraviolet rays. The normal cell shows intense absorption 
in the cytoplasma as a whole, especially in Nissl granules (left). In poisoned 
ce!l the cytoplasma has the weakly absorbing area and intensely absorbing 
part (right). 


inserted into the auditory canal. The cochlear microphonics to 
click produced by pulse generator was used as an index of the tem- 
poral decrease in the magnitude of the cochlear activity. 


The minimum duration of the exposure to decrease the ampli- 
tude of the cochlear microphonics by the exposing tone employed 
in this experiment was approximately ten minutes in normal guinea 
pigs. The recovery from the temporary reduction in the micro- 
phonics took place more rapidly (a short time after the exposure 
for five minutes) than the interval between upset of fatiguing tone 
and click. Complete recovery after the exposure for ten minutes 
was observed within two to three minutes after the termination of 
the exposing tone. Figure 3 shows the reduction and the recovery 
of the cochlear microphonics due to the exposure to sound in normal 
control guinea pigs. What is of particular interest is the fact that, 
while the cochlear microphonics are impaired temporarily by stimula- 
tion with pure tone lasting for over 10 to 15 minutes, their complete 
recovery is always observed. 
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ULTRAVIOLET ABSORPTION SPECTRUM BY NUCLEIC ACIDS 
(THE AUDITORY CENTER OF RATS) 
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Figure 10 


NORMAI DHSM 1.6 GM 


Dorsal cochlear nucleus (1) (1’) 
Inferior colliculi (2) (2’) 
Auditory cortex (3) (3°) 

10 mg of tissues are extracted in 10 cc phosphate buffer 
solution at pH. 7.0. 

R : various concentrations of RNA (yeast) (150.03, 
2;0.02, 3;$.$1, 4;0.005 me/cc). 


In poisoned guinea pigs latent physicochemical disturbance due 
to dihydrostreptomycin intoxication may be manifested with the 
exposure to sound. Figure 4 shows the rapid decrease of the magni- 
tude of the cochlear microphonics immediately after the exposure 
lasting for only three minutes. The recovery time was prolonged 
and in some animals complete recovery was not found and cumula- 
tive depression in amplitude was generally irreversible and often 


progressed into permanent damage. 


4. Histological Changes in Cochlear Chart. The pathological 
changes in the organ of Corti ranged from the alternations of staining 
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Figure 11 


qualities of the hair cells to pyknosis or karyolysis. Vacuoles and 
granules were found in cytoplasma in hair cells in some cases. Figure 
§ represents the cochlear chart and the sensitivity of the cochlear 
microphonics of guinea pig receiving dihydrostreptomycin 9.6 gm. 
The histological results as shown were the atrophy of the organ of 
Corti in the basal region. Thereafter appeared a few patchy atrophies 
but in general the conditions were normal. As the figure shows, the 
cochlear potentials were absent for any stimulus intensity that was 
considered safe to apply. These observations reveal that in the 
intoxicated ear the sensitivity loss of the cochlear microphonics for 
the high frequencies are mainly dependent upon the degeneration 
found in the organ of Corti in the basal region of the cochlea. Yet 
the complete absorption of the organ of Corti was not found in all 
intoxicated animals, while extreme diminution of the cochlear micro- 
phonics meant several pathological changes in the hair cells of the 
organ of Corti. Therefore there is no doubt that even milder degrees 
of the dysfunction of hair cells occur in ears in which a subsequent 
histological study reveals a cochlea that is altogether normal in ap- 
pearance. 


II. CYTOCHEMICAL STUDIES 


Method. According to the requirements of the cytochemical 
staining Carnoy’s solution or 80 per cent alcohol was used as fixative. 
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TABLE III 
CONCENTRATION | P>* Q0z |____ SPECIFIC ACTIVITY (COUNTS PER MIN./P mg) 
OF S.M. (¥/cc)| (ue) ACID SOLUBLE|LIPOID [NUCLEIC ACID | PROTEIN 
| FRACTION _|FRACTIO | FRACTION __| 
H 0 2.5 |1,19/ 32270 | 46 4450 2015 
H 1 2.5 |1.43| 35345 ; sz | 3875 | 1905 
H lo 2.5 |1.68] 36283 38 Ci 3308 | 1421 
H 100 2.5 |0.85| 36547 29 CO uso | bas | 
s fe) 2.5 |3.10| 29953 | i297 4527 | 3107 | 
s 1 12.5 |3.51| 28725 | 157 | 4403 | 2014 
s lo }2.5 |3.24| 32418 us | 3222 | 1656 
s 100 om 2.42| 35296 124 | 1822 981 
CH 0 s | 42379 u | 482 337 
cs 0 [25 | 37811 | an | 911 197 
| 
CH 0 0 1,85 | 
cs 0 [° [5] | 
Ss oa eee | _———— a is 3 








Hs; homogenate, S:slice, CH; control of homogenate, CS; control of slice. 


Immediately after the electrophysiological examination was finished, 
the guinea pig was fixed by this solution through the circulatory 
system and the cochlea was removed, then it was put in the same 
solution the whole night through. The bony capsule of the cochlea 
was removed under binocular microscope by special small knife and 
hooks, and then the stria vascularis and the organ of Corti were 
removed. The obtained tissues were stained by each histochemical 
method and paraffin sections were made. On the other hand the brain 
tissues were removed and paraffin or frozen sections were made for 
the purpose of the examination on the auditory nervous pathway. 
The rats which were injected with dihydrostreptomycin 400 mg body 
weight kg per one day from 30 to 40 days were examined for chem- 


ical studies. 


The cytochemical and chemical methods were employed for the 
auditory center,and only the cytochemical methods were employed 
for the inner ear, because we could not obtain the necessary amount 
of material of the inner ear for the chemical procedure. 


The cytochemical studies were made by the following methods: 


1) Feulgen’s reaction for desoxyribonucleic acids, 


2) Pyronin-methylgreen staining and ultravioletspectrophotog- 


- 


raphy in section for ribonucleic acids. 
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Fig. 12.—The Gomori revised reaction of the alkaline ribonucleophos 
phatase in normal (left) and intoxicated nerve cells (right). In the cyto 
plasma the reaction shows weakly in normal and intensely in the intoxicated 


rat. 


3) Gomori’s revised reaction for alkaline ribonucleo phosphatase 


and adenosinetriphosphatase. 


4) Periodic acid Schiff’s reaction and metachromatic reaction by 
toluidine blue or thionine for the acid polysaccharide. 


§) Chevremont and Fredericq’s and Schmorl’s reaction for the 
sulfhydril groups. 


Sometimes phase contrast microscopical observations were used 


in these microchemical researches. 
The chemical studies were examined by the following methods: 


1) The quantitative analysis by electrophotometry for alkaline 
ribonucleophosphatase. 


2) The measurement of the radioactive phosphorus incorporation 


by Schneider’s fractionations for the metabolism of acid-soluble phos- 
phorus, lipid-phosphorus and nucleoprotein phosphorus. 
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TABLE IV 


QUANTITATIVE ANALYSIS OF ALK. RNA-PHOSPHATASE 
AUDITORY CENTER OF RAT 





in vivo normal DHSM (1.6 g) 
dorsal cochlear mcleus 24.0 36.0 
nucleus colliculi 17.0 50.2 
auditory cortex 2.4 8.6 











The activity of the phosphatase is represented by an anount of liberated 
phosphorus ( wg/tissue 100 mg). 


ACTIVITY OF ALK, RNA-PHOSPHATASE 
IN VARIOUS CONCENTRATIONS OF DHSM 





T OF Ca AND Mg IONS UPON THE ACTIVITY 
OF THE ALK, RNA-PHOSPHATASE 
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° Ca 
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P. LIBERATION 
TABLE V 


CHANGE OF THE ENERGY RICH PHOSPHATE 
AUDITORY CENTER IN RATS 


by Le Page's method) 
aA ee) 


NORMAL 


- — + 


dorsal cochlear mcleus 


inferior colliculi mcleus 10.5 

auditory cortex 4.5 
Figures indicate amount of liberated phosphorus under 

hydrolysis of 1 N HCl at 100° C for 7 mites. 





2.7 





3) Ultravioletspectrometry of extracted material used phosphate 
buffers after exclusion of lipoid for the purine and pyrimidine groups 


as a component of the RNA. 


OBSERVATIONS AND RESULTS 
A. AUDITORY CENTER 
1. Change of Nucleic Acid. Desoxyribonucleic acid was revealed 
by Feulgen’s reaction. The sections were hydrolysed by 1N HCl at 
60° C for 15 minutes, and then transferred to the sodium bisulfite 
They remained in the Schiff’s reagent by Lillie for one 
These sections were mounted in cedar oil. 


solution. 
hour. 
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Fig. 13.—The Chévremont and Frédericq reaction of the -SH groups 
in normal (left) and in intoxicated cells (right). In the cytoplasma the 


reaction shows intensively as small particles in normal cells and decreases 
. 


in intoxicated cells. 


DNA could be observed in the nuclei, but its density was very 
light, and no remarkable changes were found in the intoxicated ani- 
mals (Fig. 6). 


RNA was stained by pyronin-methylgreen in acetate buffer solu- 
tion and it was recognized by digestions procedure of ribonuclease. 
RNA was observed in the cytoplasma, especially in the Nissl’s granules 
and in the nucleolus (Fig. 7). 


When a large amount of dihydrostreptomycin was injected, its 
density decreased in both cytoplasma and nucleolus, but when a small 
amount of dihydrostreptomycin was injected, it decreased only in 
the nucleolus (Fig. 8). 


On the other hand, RNA was examined by the ultravioletspectro- 
photography in sections. In this method the purine and pyrimidine 
groups of the RNA components showed the greatest absorption of 
ultraviolet ray (of 258 millimicrons in wave length) and the same 
results were obtained, that is, purine and pyrimidine groups decreased 
(Fig. 9). These results could be proved by the absorption spectrum 
in an extraction material, which was extracted by phosphate buffer 
after exclusion of lipoid substance (Fig. 10). 
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Fig. 14.—The periodic acid Schiff reaction of the polysaccharides in 


normal (left) and in intoxicated cells (right). 


In normal cells the reaction 


shows weakly, while it is intense in the extracellular space. The reaction 
in intoxicated cells shows intensely in the cytoplasma. 
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Fig. 15.—The effect of dihydrostreptomycin in various concentrations 





upon the oxygen consumption of brain tissue. 


QOz under using 0.2% glucose- 
Ringer’s solution as the medium 


(1) without DHSM 


(2) with various concentration of 


DHSM 


QOz under using 0.08 M succinate- 
Ringer’s solution as the medium 


(1) without DHSM 


(2) with various concentration of 


DHSM 
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Fig. 16.—The Feulgen reaction on the non-sected organ of Corti in the 
second turn of the cochlea of the dihydrostreptomycin intoxicated guinea 
pig. The preparation was performed by Neubert and Beck method. Three 
lines of the nuc'ei of the outer hair cells show regular arrangement. Some 
nuclei (marked with white arrows) show pyknosis. 


These results lead to the conclusion that the primary course of 
RNA-metabolism was disturbed in dihydrostreptomycin intoxicated 
animals. 


2. Change of Phosphorus Metabolism. The phosphorus metabo- 
lism is important for the neurochemical process in relation to the 
glycolysis, which supplied chemical energy to nervous tissues. Radio- 
active phosphate was used for this study. The rats, injected with 
radioactive phosphate 100 c per 150 gm of body weight, were killed 
after the 3rd, Sth, 10th and 14th day after injection of radio-phos- 
phata. Immediately after removal of brain tissues, the dorsal cochlear 
nucleus, the inferior colliculi and the auditory area of cerebrum were 
separated and fractionated by Schneider’s method. Each fraction was 
measured for its phosphorus contents and counted by Geiger-Miiller’s 
counter. The specific activity (counts per minute per 1 mg phos- 
phorus) was determined. The incorporation of radio phosphate into 
the central nervous system was remarkably slow, whereas, in contrast, 
that of radio phosphate to any other organ was fast. In normal ani- 
mals radio phosphate was hardly found in an acid-soluble fraction 
on the fifth day after its injection and a large amount of radio phos- 
phate was transferred to the lipoid or nucleoprotein fractions (Fig. 
ihe 
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Fig. 17.—The organ of Corti of the third turn in the cochlea from the 
intoxicated guinea pig. The specimen was fixed in Carnoy’s solution and 
prepared through undecalcificated process. Pyronin-methylgreen staining was 
performed and the phase contrast microscope was used. Ribonucleic acids 
show themselves at the tip of cytoplasma of the outer hair cells as small 
particles stained with pyronin. 


In intoxicated animals a large quantity of radio phosphate was 
still found in the acid-soluble fraction on the fifth day and uptake 
into phospholipid and nucleoprotein decreased. 


Identical results were obtained in vitro, under measuring oxygen 
consumption at the same time by Warburg’s apparatus (Table III). 


These results indicate that the phosphorylation, that is, the chem- 
ical process from inorganic phosphate to organic phosphate, was dis- 
turbed by dihydrostreptomycin—so the nerve cells were essentially 
disturbed at their energy source. It was considered that perhaps the 
enzymatical activation of vitamin B, was also disturbed by damage 
of the phosphorylations process. It was a definite phenomena of 
nervous metabolism, which depend upon the carbohydrate metabolism. 
The activity of phosphorus metabolism was controlled by its many 
enzymes. The enzyme which liberates a phosphate from RNA is 
called phosphomonoesterase or ribonucleophosphatase. Alkaline phos- 
phatase is an enzyme which is essential for the function of the cell. 


The cytochemical reveal of alkaline ribonucleophosphatase was 


examined by Gomori’s revised method. Frozen sections were used for 
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NUCLEF-GE OUTER HAIR\CELL 


Fig. 18.—The organ of Corti (ultravioletspectrophotography). The 
cells are unstained and photographed at 260 millimicrons of ultraviolet ray. 
The cells absorb it intensely as a whole, especially at the tip of cytoplasma 
of hair cells (marked with white arrows) and nuclei (marked with black 
arrows). 


this purpose. They were incubated around 37° C for three hours in 
the following medium: 0.01 gm RNA in dilute NaOH solution 10 
cc 0.1M CaNO.,, glicocoll buffer and activating solution. The activ- 
ity of alkaline ribonucleophosphatase in normal animals was strong 
in the nucleolus, while it was weak in the cytoplasma. In contrast 
with these findings, in the poisoned animals it was strong in the cyto- 
plasma (Fig. 12). 


These results indicate that a pathological decomposition of RNA 
occurred in the cytoplasma through an activation of this phosphatase. 


On the other hand, the activity of this phosphatase was quanti- 
tatively measured with an electrophotometer as an index of phosphor- 
ous liberation. The brain tissues, that is, cochlear nucleus, inferior 
colliculi and auditory area of cerebrum, were removed from living 
animals and were kept at low temperature for the preparation process. 
After homogenizing by glass homogenizer, they were centrifuged. 
Then after adding the RNA they were incubated around 37° C for 
two hours, the liberated inorganic phosphate in the acid-soluble frac- 
tion was measured by electrophotometer and compared with nonincu- 
vated contrasts. 


The activity of phosphatase was determined quantitatively as the 
amount of liberated phosphorus. The activity of phosphatase in- 
creased in intoxicated animals in each area of the auditory center 


(Table IV). 
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Fig. 19.—The stria vascularis of the intoxicated guinea pig. The left 
section is stained with pyronin-methylgreen. Ribonucleic acids show them- 


selves in the cytoplasma of the epithelium as small particles stained with 
pyronin (white arrows). The dark parts (black arrows) are peculiar 
pigments. The right section shows the Schmorl’s reaction of -SH groups. 
The epithelium, including peculiar pigments, shows positive reaction. 


3. Change of the Sulfhydril Groups and Polysaccharide. The 
sulfhydril group is necessary for the protein formation and for the 
glycolysis respiration system, especially for the metabolism of acetyl- 
coenzyme A. The -SH groups were revealed histochemically by 
Chevremont and Fredericq’s method and Schmorl’s reaction. Par- 
affin or frozen sections were used after fixation by Carnoy’s solution. 
The sections were placed in the ferricianide reagent, which contain 
three parts of 1 per cent ferric sulfate and one part of 0.1 per cent 
potassium ferricianide, for 90 minutes and mounted after washing. 
The reaction was compared with that in the sections in which -SH 
group was blocked off by monojodacetic acid. 


In normal animals the reactions of -SH groups were strong 
in the cytoplasma of nerve cells, while in poisoned animals they were 
on the decrease and sometimes they disappeared in the animals into 
which a large amount of dihydrostreptomycin had been injected 


(Fig. 13). 


These results indicate that this phenomenon meant a toxic action 


of dihydrostreptomycin to nerve cells in the disturbance of protein 
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Fig. 20.—The periodic acid Schiff’s reaction in the stria vascularis 
from the intoxicated rate (left). The epitherium (arrows) and _ spiral 
ligament (right) show positive reaction. The dark spots of left photo are 


peculiar pigments. 


formation (glycolysis and respiration system), especially in the 
chemical process of acetylcoenzyme A. 


The polysaccharides presented generally in combination of pro- 
tein in the intracellular space and extracellular space. They made 
a barrier for permeability of tissue substance and their accumulation 
was usually found in pathological cells. 


Polysaccharide was examined histochemically by periodic acid 
Schiff’s reaction and metachromatic reaction of toluidine-blue. 


Paraffin sections were used. These sections were placed in peri- 
odic acid solution and then transferred to Schiff’s reagent (by Lillie) 
and washed at last by sodium bisulfite solution. 


The toluidine blue was used in 0.05 per cent acetate buffer solu- 
tion for metachromatic reaction. 


The PAS reaction was to be seen in the extracellular space in 
normal animals, but it was weak in the cell (Fig. 14), while in the 
intoxicated animals the reaction was strong in the cytoplasma (Fig. 
14). 


These results show that pathological accumulation of the muco- 
protein occurred in the poisoned nerve cell. It meant that some 
chemical processes were blocked by the toxic action of dihydrostrep- 
tomycin. 
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Fig. 21.—The Gomori revised reaction of alkaline ribonucleophospha- 
tase (left) and same reaction of alkaline adenosinetriphosphatase (right) in 
the stria vascularis. The epithelium shows remarkably positive reaction. 


4. Change of Tissue Respiration. Oxygen is one of the most 
important substances for the nervous tissue, as well as glucose and 
enzyme. Oxygen consumption was measured by Warburg’s appa- 
ratus in normal and intoxicated conditions. After removal of brain 
tissue from living animals, slices or homogenates were made. As the 
medium the glucose-Ringer solution with dihydrostreptomycin in 
various concentrations was used. Sometimes pyruvate or succinate 
was used in place of glucose in medium for the examination of the 
oxy dations. 


QO., decreased when a large amount of dihydrostreptomycin 
was added to the slice and homogenate. On addition of succinate to 
the medium, QO, decreased (Fig. 15). One is justified in concluding 
that the oxidation of glucose, pyruvate and succinate of nervous 
tissues was disturbed by dihydrostreptomycin and that the disturb- 
ance of these respiration systems caused also decrease of energy rich 
phosphate which was practically measured as liberated phosphate 
after hydrolysis for seven minutes by 1N HCI solution at 100° C 
and that many other processes of chemical metabolism were disturbed 
through the decrease of their essential chemical energy. 


B. COCHLEA 


The decalcification used in common histological procedure makes 
all cytochemical examination impossible, for the process of HNO, 
or H,SO, in decalcification depolimerized many chemical substances 
in the cell. So only morphological changes could be discussed by this 
method. 
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1. Change of Organ of Corti. The desoxyribonucleic acid was 
observed by Feulgen’s reaction in the Neubert and Beck’s preparation 
method.” The stain ability of Feulgen reaction showed no remark- 
able change in the nuclei of hair cells but in this method the change 
of nuclei form was observed. The arrangement of the hair cell line 


was irregular and pyknosis and karyolysis was indicated (Fig. 16). 


The ribonucleic acid was stained by pyronin-methylgreen in 


acetic buffer solution. Paraffin sections were used for this staining. 


PAS granules were present in the cytoplasma of the hair cell but 
its stain ability was very weak, so that for the microphotographical 
records it was necessary to use the phase contrast microscope. It was 
found that these granules appeared locally at the tip of the cyto- 
plasma in intoxicated animals (Fig. 17). 


In the ultravioletspectrophotography in sections the absorption 
at 258 millimicrons in wave length, which has characteristic absorb- 
ance for purine and pyrimidine groups of RNA components, was 
remarkable in the same position as cytoplasma (Fig. 18). It was 
also found that there was marked absorption at 280 millimicrons. 
This indicates that the metabolism of the hair cells needs the basic 
protein components, histon triptophan or tyrosine, etc., and in the 
intoxicated animals pathological metabolism of these groups occurs 
in the hair cells. 


The reactions of the sulfhydril groups in the organ of Corti were 
nearly negative and no remarkable change could be found in the 
intoxicated animals. The primary fluorescent substance was found 
to increase. The reaction of polysaccharides by periodic acid leuco- 
fuscin and of phosphatase by Goromi’s revised method were found 
in the cytoplasma but in the reaction no remarkable change could 
be found in poisoned animals. 


In Deiter’s and Hensen’s and Claudius cell the PAS granules 
increased slightly. 


These results indicate that the cytochemical phenomena in dihy- 
drostreptomycin poisoned animals were identical with that of audi- 


tory center. 


2. Change of the Stria Vascularis. The same cytochemical 
method was used for the organ of Corti. The epithelium of the stria 
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TABLE VI 


TOXIC ACTIONS OF DHSM UPON THE GLYCOLYSIS 
AND RESPIRATION SYSTEM 
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vascularis showed more remarkable activity of many cytochemical 
reactions. 

RNA granules stained by pyronin-methylgreen presented in the 
secretory cell of epithelium (Fig. 19). 


No remarkable change of RNA could be observed in the stria 
vascularis by Feulgen reaction. 


In the epithelium a peculiar pigment was shown physiologically. 
In the intoxicated animals it showed increase. The sulfhydril groups 
reaction was strong in the epithelium, especially in the pigment. In 
poisoned animals these reactions increased (Fig. 19). 


The PAS reaction of polysaccharides were also increased, not 
only in the epithelium but also in the spiral ligament in the dihydro- 
streptomycin treated animals (Fig. 20). 


Both alkaline ribonucleophosphatase and adenosinetriphospha- 
tase increase their own activity in the secretory cell (Fig. 21). 


SUMMARY AND COMMENT 


The investigation of cell metabolism in the auditory system is 
most important to reveal the ototoxicity of dihydrostreptomycin. 
Because the generator of the cochlear microphonics is considered as 
the hair cells of the organ of Corti, the cochlear dysfunction due to 
dihydrostreptomycin can be quantitatively represented by the sensi- 
tivity loss of the cochlear microphonics. In this point of view Haw- 
kins and Ruedi*® described electrophysiological studies of auditory 
function in the cat with varying degrees of chronic intoxication 
with dihydrostreptomycin and they confirmed the conclusion that 
the functional loss was in full agreement with the histological lesions 
in the cochlea produced by dihydrostreptomycin.*° 


The recent metabolic and cytochemical observations of the 
inner ear were introduced by Caspersson,” Hamberger and Hyden.*”™ 
They found that it decreased the ribonucleic acid (RNA) and protein 
components in the functional acted nerve. Their opinion made the 
answer for the question of such RNA components in the living nerve 
cells without cell division. They suggested that the cochlear ganglion 
of the guinea pigs, with acoustic stimulation, showed a marked decrease 
in the protein contents and the disappearance of the RNA. In addi- 
tion to these observations Plotz and Perlman’ showed some chemical 
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Recovery of Magnitude of Cochlear Microphonics after 
Exposure to Lovd Tine 
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Fig. 22.—The recovery curves of the cochlear microphonics after the 
exposure to sound. The fatiguing tone is 4000 cps, 90 phon at the entrance 
of the auditory canal and its duration is 3 minutes. The toxic action 


of dihydrostreptomycin causes latent disturbance in hair cells, which be- 
comes manifest by sound exposure. 


components in the inner ear of the flittermouse by histochemical 
method. Vosteen™ revealed the succinic dehydrogenase in the cochlea 
of the guinea pig. Bélanger’’ reported the radiosulfate incorporation 
by the inner ear. On the other hand Beck"’® suggested the metabolic 
and functional changes of the nuclei of hair cells and ganglion cells in 
the cochlea of the guinea pigs by Feulgen reaction. 


The functional loss usually precedes the occurrence of the visible 
damage of the hair cells. The electrophysiological investigations show 
that dihydrostreptomycin has a toxic effect involving the end organ 
of the cochlea. 


The effect of DC current upon the cochlear microphonics is 
dependent upon the polarization of the hair cells, as described by 
Tasaki.’” It seems to explain the mode of the action of dihydrostrepto- 
mycin upon the hair cell, namely, that the drug decreases gradually 
the polarization of the hair bearing end of the hair cells of the organ 
of Corti, reducing the intracellular DC potential and the endolym- 
phatic DC potential which is found inside the endolymphatic space. 


However, it remains unknown whether it is primarily or sec- 


ondarily. From the cytochemical observations in the auditory center 
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it may be safely concluded that the effect of dihydrostreptomycin 
upon the metabolism of the auditory center is complex and the audi- 
tory center is affected originally. The primary disturbance of cell 
metabolism is in the glycolysis and respiration system and these patho- 
logical changes extend to any other chemical metabolism (Table VI). 
Furthermore the dysmetabolism of nucleoprotein causes dysfunction 
of the auditory nerve cell. These are added to an ascending or second- 
ary disturbance from the inner ear. 


The cochlear microphonics and DC potential are maintained by 
chemical energy provided by metabolism.’® Extensive studies were 
carried out concerning the effect of sound exposure upon cochlear 
microphonics. It is also easy to assume that the toxic action of dihy- 
drostreptomycin causes the latent disturbance of energy metabolism, 
which becomes manifest by sound exposure. It appears likely, then, 
that in an intoxicated ear it would take smaller degrees of sound 
exposure to induce a response shift than in a normal ear (Fig. 24). 
In accordance with the fatigue test employed in clinical audiometry 
the findings obtained in these experiments are thought to indicate that 
dihydrostreptomycin has the effect of decreasing the resistance of hair 
cells against the overload such as sound exposure. 


This assumption can be obviously proved by the cytochemical 
observations concerning the toxic effect of dihydrostreptomycin upon 
the cell metabolism. The chemical energy in the cochlea is supplied 
only by glycolysis and the respiration system, as well as in the auditory 
center, though a necessary amount of the inner ear material for the 
chemical studies and for the measurement of radiophosphate turnover 
and oxygen consumption could not be obtained in order to perform 
chemical quantitative analysis of the inner ear. 


The stria vascularis in the inner ear showed remarkable activity 
in many cytochemical reactions in contrast to the organ of Corti. The 
energy consumption in the cochlea is most remarkable in the stria 
vascularis, as shown in the RNA or phosphatase reaction. The cyto- 
chemical analysis reveals that the disturbance of the metabolism based 
on carbohydrate occurs in the stria vascularis and the organ of Corti 
is also involved. 


The severe ototoxicity of neomycin was reported and it was still 
too toxic for clinical use. As the toxicity resulting from the adminis- 
tration of dihydrostreptomycin limits the usefulness of this agent in 
the therapy of tuberculosis, careful administration and periodic tests 
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are necessary to avoid incidence and severity of the ototoxicity. More- 
over, active investigations concerning the toxic nature of dihydrostrep- 
tomycin to the auditory system are essential since this agent is employed 
for the therapy of tuberculosis. 


Recently we proceeded to study the ototoxic action of compon- 
ents of dihydrostreptomycin, streptidine and dihydrostreptobiosamine 
which is composed of dihydrostreptose and 1-methylglucosamine. It 
is well-known that streptidine has severe toxicity to living tissues. But 
streptidine, was less ototoxic than dihydrostreptobiosamine. It may 
give us clues as to the toxic nature of dihydrostreptomycin. Studies 
are now being carried out with this in view. 


CONCLUSIONS 


1. Occurrence of the latent hearing loss due to dihydrostrepto- 
mycin is related to the administration method of this agent and the 
administration bi-weekly decreases both incidence and severity of the 
ototoxicity without the therapeutic disadvantage in the treatment of 
tuberculosis. 


2. The incidence of the latent hearing loss is most important 
in evaluating the toxic effect resulting from the administration of 
dihydrostreptomycin based on clinical observations. 


3. The toxic effect of dihydrostreptomycin upon the metabolism 
of the auditory center is complex. The primary disturbance of cell 
metabolism is in the glycolysis and respiration system and these changes 
extend to any other chemical metabolism. These add to an ascending 
or secondary disturbance from the inner ear. 


4. Functional loss usually precedes the occurrence of visible 
changes of the hair cells. The mode of action of dihydrostreptomycin 
upon the hair cells might be gradual decrease in the polarization of 
the hair bearing end of the hair cells of the organ of Corti, reducing 
the intracellular DC potential and the endolymphatic DC potential. 


§. The toxic action of dihydrostreptomycin causes the latent dis- 
turbance of energy metabolism, which becomes manifest by sound 
exposure. 


6. The chemical energy in the cochlea is supplied by glycolysis 
and the respiration system. Dihydrostreptomycin affects the cell 
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metabolism based on carbohydrate in the stria vascularis and also in 
the organ of Corti, which extends to the auditory center. 
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LXXXV 


TOPIC DIAGNOSIS OF PERIPHERAL 
FACIAL NERVE PALSY 


Haracp K. KrisTENSEN 


CoPpENHAGEN, DENMARK 


Our interest in a topic diagnosis of peripheral facial nerve palsy 
is mainly due to the possibility of surgical treatment of certain classes 
of peripheral facial nerve palsy (e.g., Bell’s palsy) whereby the local- 
ization of the nerve lesion is of utmost importance. Our interest in 
this subject too is a natural consequence of our otoneurological clinical 
work on patients from the neurosurgical department of the University 
Hospital (particularly cases of cerebellopontine angle tumors). This 
last-named interest has been substantially supported by Hallpike’s 
demonstration showing how to differentiate between labyrinthine and 
postlabyrinthine lesions by means of the recruitment phenomenon.” 
On the other hand it also must be mentioned that the acoustic imped- 
ance measurement of Metz” for objective demonstration of the sta- 
pedius muscle function has been of importance to us, so much more, 
as the value of this method was the subject of another Danish thesis* 
in 1955. 


In the beginning we used the same procedure for diagnosing the 
site of the lesion in cases of peripheral facial nerve palsy as most other 
ones do, that is to say, we asked about dryness of the eye and disturb- 
ance of the taste but supplemented this with the acoustic impedance 
test instead of just asking for the purely subjective phonophobia 


phenomenon. 


In the search for more quantitative methods we primarily adopted 
a method for testing the function of taste, consisting in testing the 
four elements by means of saturated solution of sugar, saturated solu- 
tion of sodium chloride, a 7.5 per cent solution of acetic acid and a 2 
per cent solution of quinine, applied by means of a swab. Gradually 
it became obvious to us that these solutions, particularly the two last 
named ones, due to stimulation of the trigeminal nerve could produce 





Read at the Sixth International Congress of Otolaryngology, Washington, D.C., 
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Fig. 1.—Examination of the nasolacrimal reflex. 
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Fig. 2.—Examination of acoustic stapedius reflex. 


positive answers, where the result ought to be negative. For this 
purpose we took up Bérnstein’s semiquantitative method’ (employing 
sugar in 4, 10 and 40 per cent, sodium chloride in 2.5, 7.5 and 15 per 
cent, citric acid in 1, § and 10 per cent, and quinine hydrochloride in 
0.075, 0.5 and 1 per cent solutions), giving us the possibility of deter- 
mining a normal or higher threshold for taste or absence of taste. 


At present we are working out an electric method, where a weak 
galvanic current is applied to the tongue. 


Concerning the lacrimation we felt it unsatisfactory just to 
question and examine for dryness of the eye. This led us to the 
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Fig. 3.—Apparatus for examination of taste. 
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Fig. 4.—Function of taste, stapedius reflex and facial muscles in recov- 


ering Bell’s palsy. 


application of the nasolacrimal reflex." In principle this reflex was 
elicited by stimulation of the nasal mucosa with a swab, noticing 
lacrimal secretion. This principle has been worked out still further 
in combining the more uniform stimulation of the nasal mucosa by 
means of the Elsberg stream-injection method* with the Schirmer test. 


For the last few years all cases of peripheral facial nerve palsy 
have been examined in the following way: 
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Fig. 5.—Diagram of nerve pathways of importance in the topic diagnosis 
of peripheral facial nerve palsy. 


1. Examination of Nasolacrimal Reflex. From a 500 ml Elsberg 
glass-bottle containing 30 ml of petrol a continuous stream of air 
(500 ml per minute in one-half minute) blows the fumes of the petrol 
into the nasal cavity (Fig. 1). Now eventual differences in lacrima- 
tion can be measured by means of filter paper. Variations of more 
than 10 per cent are considered pathological. 


2. Examination of Acoustic Stapedius Reflex. The principle of 
this examination and our way of doing it is shown in Figure 2. It 
consists in putting a pure tone from a tone generator into the acoustic 
bridge connected airtight to the ear to be tested. Then acoustic bal- 
ance between the ear drum and the movable piston of the acoustic 
bridge is obtained. On putting the pure tone from an audiometer 
into the other ear a bilateral reflectory contraction of the stapedius 
muscle will take place. This gives a disturbance of the acoustic 
balance, provided the stapedius muscle is functioning in the ear to 
be tested. On the other hand no such disturbance of the acoustic 
balance will take place if the nerve fibers to the stapedius muscle are 


involved. 


3. Examination of Taste. As mentioned before we have been 
working with the Bérnstein method for some time, but for more than 
one year we have been working with an electric apparatus, which 
makes it possible to examine children down to the age of five years. 
In comparing the results of the Bornstein method with those of the 
electric method, it has turned out that the results coincide closely, but 
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the electric method tells us something more of the degree of taste 
disturbances. The apparatus is seen in Figure 3. Its principle is the 
same as used when a battery is tested for its voltage, by placing the 
tongue on the two electrodes at the same time. The apparatus consists 
of a dry element, a resistance and a potentiometer. The examination 
is carried out by placing the indifferent electrode (electrocardiograph 
electrode) on one wrist. The different electrode (a steel electrode with 
a diameter of 5 mm) is placed on the sides of the tongue giving 
stimuli of varying intensity. Thus we find a threshold for the ability 
of tasting the galvanic current. 


Formerly we thought that the stapedius reflex was the first to 
return in a recovering facial palsy. Now we have proved that the 
function of taste returns earlier, as can be seen from Figure 4. From 
this picture it is evident that first of all the taste returns, then the 
stapedius reflex, and finally the function of the facial muscles. 


Based on the above mentioned investigation in cases of peripheral 
facial nerve palsy, where the site of the lesion has been established, 
either by decompression operation, or by neurosurgical intervention, 
we think it possible to set up the following diagram (Fig. 5) for the 
pathways of the gustatory fibers and the secretory fibres to the lacrimal 


gland. In the same diagram is seen the main steam of the facial nerve 
plus the nerve to the stapedius muscle. By means of this diagram it 
should be possible in most cases of peripheral facial palsy to localize 
the site of the lesion. As will be seen, we have added nothing new 
to the examination of facial nerve palsy. On the other hand, having 
applied more quantitative methods for determining the function of 
taste and lacrimation, we think that we have established the ordinary 
pathways for the gustatory fibers and the fibers of importance in the 
nasolacrimal reflex with greater certainty than hitherto. 


Finally it may be mentioned that by the newer methods we have 
been able to find lowered taste and nasolacrimal reflex in cases of 
cerebellopontine angle tumors, where the function of the facial nerve 
was found normal by the older methods. 


UNIveRsITY HospITraL 


Detailed reports will be published later from our clinic about taste examination 
and the examination of the nasolacrimal reflex. 
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LXXXVI 


THE ETIOLOGY OF PAPILLOMA 
OF THE LARYNX 


Jo Ono, M.D. 
Hineo Saito 
Makoto IGARASHI 
AND 
Makoto Ito 


Tokyo, JAPAN 


It is with due humility that I have undertaken the assigned 
subject on papilloma of the larynx. Humility is appropriate when 
one advances towards a problem of such a vast and such, I was going 
to say, a nebulous subject as the etiology of this laryngeal tumor. 


I would like first to briefly review with you the general and 
historical background of this growth. 


Papilloma is the most common benign tumor of the larynx with 
the exception of the polyp, an inflammatory hyperplasia. The striking 
features of this growth are its frequent occurrence in children, its 
resistance to treatment, the tendency to transplant itself to adjoining 
structures, and spontaneous regression and disappearance after its 
existence of a number of years. Because of its tendency of recurrence 
and dissemination the tumor is sometimes regarded clinically as 
malignant. 


Papilloma of the larynx did not become a clinical entity until 
the middle of the last century although it was described® as early as 
the 17th century by Marcellus Donalus as “warts on the throat.” 
The first case of laryngeal papilloma reported in America was published 
by J. C. Cheeseman* in 1817 in the Transactions of the Physico- 


Medical Society of New York. In 1844, Ehrmann*® pointed out that 


Read before the Sixth International Congress, Washington, D.C., May, 1957, 
as part of a symposium on papilloma of the larynx. 
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“polyp of the larynx, left to nature, becomes sooner or later the 
cause of sudden death.” It was not until publication of the epoch- 
making book entitled “Growths in the Larynx” by Morell Macken- 
zie” 
tumors were differentiated and classified. In his “Diseases of the 
Throat and Nose” Mackenzie"’ reported a survey of 100 laryngeal 
tumors in which papilloma was found 76 times. 


in 1871 that the term papilloma and other. benign laryngeal 


There was a difference of opinion in the early days as to the 
nature of papilloma of the larynx. Virchow*' in 1863 stated that 
the term papilloma should be kept out of books on onchology. He 
contended that since papilloma of the larynx is of connective tissue 
origin, it should be classified as a fibroma, using the papillary charac- 
teristic only as a descriptive adjective. He also stated that patholog- 
ically different tumors should not be included under one group because 
of the morphological resemblance. Birch-Hirschfeld"' held a different 
view and stated that papilloma is papillary hypertrophy of epithelial 
origin. These two opinions led to a controversy as to whether there 
should be any pathological distinction between papilloma of connec- 
tive tissue origin and papillary hypertrophy of epithelial origin. It is 
now: generally agreed that papilloma includes “tumors of lobulated, 
branched, or papillary form in which each fold or offshoot of the 
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epithelial layer has a central core of connective tissue. 


ETIOLOGY 


In spite of the considerable amount of clinical observations and 
animal experiments that have been done, not much is known about 
the details of the process by which formation of papilloma of the 
larynx takes place. The difficulty seems to lie in that causes are not 
single but multiple. Furthermore, as Ewing** stated, “tumors are 
conditioned by various factors rather than directly caused by them.” 
However, taking a broad view of the subject, two major factors oper- 
ate in the production of the papilloma of the larynx. They are the 
intrinsic*® or intracellular and the extrinsic or extracellular factors. 
Roughly considered, intrinsic factors include age, sex, heredity, hor- 
mones, enzyme, and vitamin which are concerned in preparatory or 
predisposing, whereas extrinsic factors which include chronic irritation 
and infection are concerned in the actuating and realizing factors of 
tumor formation. 


This paper is limited only to the highlights of these factors. 
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AGE, SEX, RACE INCIDENCE AND ENVIRONMENTAL FACTOR 


Our survey including 27 university hospitals and 15 general 
hospitals in Japan shows that of 4248 benign tumors there were 3539 
(83.3 per cent) cases of polyp and 402 (9.4 per cent) papilloma cases. 


Of 47,863 entries during a six year period ending July 1956 at 
the ear, nose and throat department of Keio University Hospital there 
were 31 laryngeal papilloma cases, a ratio of 1 to 1544. A somewhat 
similar ratio was found in Kyushu University Hospital and Sapporo 
Medical College Hospital. These figures correspond to that of Massa- 
chusetts General Hospital as reported by Zalin. However, at Kyoto 
University Hospital only 20 laryngeal papilloma cases were found in 
245,680 entries to the ear, nose and throat department during a 51 
year period, a ratio of 1 to 12,284, and other general hospitals show 
a somewhat similar ratio. Generally speaking, the incidence of laryn- 
geal papilloma in Japan seems to be lower than in some of the other 
countries (Table I). 


While it may occur at any age, children are more prone to this 
affliction than adults as noted in Table II. It is more frequently 
encountered among males than among females. Based on some of the 
reported series, the ratio between males and females is 59 to 41 as 


shown in Table III. 


Contrary to general opinion it seems that there is a difference in 
the incidence of laryngeal papilloma in different races and different 
geographic areas. Hajek*® states that the incidence of laryngeal papil- 
loma is lower in Israel than it is in Middle Europe where cases of 
papilloma constitute 30 per cent of all benign tumors of the larynx 
and in South America the incidence is “up to 67 per cent in some places 


2940 


according to Tapia. In seven university hospitals in Japan the 
average number of cases of laryngeal papilloma encountered in a 
hospital per year is 1.4 and in the general hospital it is only 0.3. In 
some of the series of American and European authors, the reports 


indicate the average number of cases per year is about 4 (Table IV). 


In connection with incidence, general hygienic and other environ- 
mental conditions are regarded to have certain relationship in the 
causation of papilloma. Recently there has been a report of decrease 
in the cases of papilloma in children. The decreasing incidence is 
attributed by Cunning** 
vitamins, improved sanitation, and to the removal of tonsfls and 


to modern understanding of diet, the use of 
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TABLE I 


TUMORS OF THE LARYNX 


Hospitals Herein Listed Represent Various Geographic Areas 











PERIOD NO. OF PTS. TYPE OF NO.OF ONE CASE OF PAP, 
HOSPITAL IN YEARS IN ENT DEPT. rUMORS CASES NO. OF PTS. 
Keio Univ. 6 47,863 Papilloma 31 1,544 
Carcinoma 139 
Polyp 237 
Others 35 
Total 442 
Kyushu Univ. 20 101,271 Papilloma 90 1,125 
Carcinoma’ 1,174 
Polyp 742 
Others 14 
Total 2422 
Kyoto Univ. 51 245,680 Papilloma 20 12,284 
Carcinoma’ 1,108 
Polyp 325 
Others 3 
Total 1,457 
Sapporo Med. C. 6 22,178 Papilloma 14 1,512 
Carcinoma 28 
Polyp 38 
Others 4+ 
Total 84 
Sapporo Rail Rd. 6 28,241 Papilloma 2 14,120 
Carcinoma 7 
Polyp 80 
Total 89 
Takaoka Agric. 3 12,448 Papilloma 2 6,224 
Carcinoma 6 
Polyp 
Total 26 
St. Luke’s 3 16,721 Papilloma 0 
Carcinoma 7 
Polyp 39 


Total 49 
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adenoids. He considers that “this is one condition wherein the anti- 
biotic could not be given credit since the decline was definitely notice- 
able before the advent of this drug.” Bjérk* found that temporary 
“accumulation of fresh cases during and soon after the war is obviously 
due to difficult socio-hygienic conditions. Following an improvement 
of this aspect there was rapid decrease in cases.” 


HORMONES 


As an intrinsic factor hormones seem to have a significant rela- 
tionship in the genesis of laryngeal papilloma. It has been known 
that the papilloma has a tendency to disappear spontaneously at about 
the time of puberty. This clinical fact aroused interest in the endo- 
crine factors in relation to the development of this tumor. 


Lewis” demonstrated that local application of estrogenic hor- 
mone to the vaginal mucosa gave rise to definite changes from the 
simple squamous epithelium to the more adult type of stratified 
squamous epithelium. This fact led to the clinical application of 
various forms of endocrine therapy in an attempt to expedite physio- 
logic puberty. In laryngeal papilloma treated locally with estrogenic 
hormones, Broyles'” observed the lesions to have disappeared within 
six months after the treatment. Zalin'’* and others reported similar 
results in the use of estrogenic hormones. Holinger** reported an 
interesting case of a 25-year-old female who showed the disappearance 
of papilloma of the larynx during each of three pregnancies with sub- 
sequent recurrences of the growth when menstruation returned. 


In connection with spontaneous disappearance of papilloma, Bjork 
and Weber* state that puberty has little influence in the regression 
of the course of papilloma of the larynx. Their view is based on 
the statistics of their cases. Of 37 patients in whom papilloma devel- 
oped at the age of up to 10 years, 28 or 75 per cent were cured before 
reaching puberty. In 2 patients the papilloma disappeared at age of 
12 and 19 years; and in 7 patients the tumor persisted throughout 
puberty to the age of over 20 years. 


The prevailing opinion, however, is that hormones play a signifi- 
cant role in influencing the cause and course of the tumor. 
CHRONIC IRRITATION 


The chronic irritation theory associated with Virchow’s name 
implies that any part of the body that is exposed to irritation of 
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TABLE II 


AGE RELATIONSHIPS OF LARYNGEAL PAPILLOMA 








AUTHORS PERIOD IN YRS. NO. OF CASES AGE 

Crowe (1922) 10 11 

Ishikawa (1938) 28 25 under 20 yrs. 20 
over 20 yrs. 13 

New & Erich (1938) 30 194 under 20 yrs. 40% 
over 20 yrs. 60% 

Siirala (1944) 12 40 under 10 yrs. 50% 

Holinger (1951) 15 109 under 15 yrs. 54 
over 15 yrs. 55 

Altmann (1955) 15 51 all adults 

Webb (1956) 6 15 under 15 yrs. 11 


over 15 yrs. 4 


Bjork (1957) 27 117 under 20 yrs. 70 
over 21 yrs. 47 
Ono (1957) 402 under 15 yrs. 169 


over 1S yrs. 233 


adequate character, intensity, and duration is capable of modifying its 
cell growth. The affected cells change their behevior and grow to a 
neoplastic tumor which may be characterized by autonomous, unre- 


stricted growth. 


Irritation may be physical, chemical or biological. For practical 
purposes irritation to the laryngeal mucosa may be stated as due to 
dust inhalation, smoking, chemical fumes, inflammatory, vocal abuse, 
excessive cough, exposure to extremes of cold and heat. Many views 
and examples can be cited of this relationship in man and in animals. 
To mention only a few, Jackson and Jackson™ state that they saw 
28 cases of multiple papilloma of the larynx in veterans who had 
been gassed in the first World War. 


) 


Handley" states that there is a definite relationship between papil- 
loma and obstruction of lymph vessels which may be due to inflamma- 
tion or congenital defect. He believes that “the active proliferation 
of the epithelium in a papilloma is a secondary phenomenon due to 


over-nutrition. The primary change which leads to papilloma is a 
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TABLE III 


SEX DISTRIBUTION OF LARYNGEAL PAPILLOMA 





AUTHORS MALES FEMALES TOTAL 
Crowe (1922) 11 0 11 
Ishikawa (1937) 17 8 25 
New & Erich (1938) 121 73 194 
Siirala (1944) 29 11 40 
Ferguson (1944) ) 10 1§ 
Holinger (1951) 59 50 119 
Kohlmoos (1955) 9 6 15 
Altmann (1955) 28 23 51 
Putney (1956) 186 170 297 
Bjork (1957) 71 46 117 
Ono (1957) 261(65) 117(35%) 402 

Total 797(S59%) 538(41%) 1335 


swelling and elongation of the papilla itself determined by the block- 
ing of its central lymphatics.” 


Matano™ reported in 1934 that he was able to induce papilloma 
by application of a mechanical and physical irritant to the larynx. 
By anchoring glass balls with silver wire at the glottic chink of an 
animal he succeeded in evoking papilloma in the larynx in about 160 
days after the application of irritant. The papilloma thus produced 
was reported to be confirmed by histological examination. 


Stewart”’ demonstrated that papilloma and a few squamous carci- 
noma of the mouth and the skin of the face develop in some animals 
when methylcholanthrene, a chemical carcinogen, is mixed with the 
diet. He believes that the tumors of these tissues are the result of 
prolonged contact with the chemical agent during the feeding period. 
Papilloma formation was also noted by Yoshida“ in the stomach and 
bladder in a few of his animals with the use of chemical irritants. 


It has generally been established that persistent irritation renders 
actual physical damage to the cell on one hand, and causes tissue 
response in the form of inflammation and repair on the other. It may 
be possible that repeated repair following an extended period of expo- 
sure to irritation to the tissues not only gives rise to proliferation of 
tissue but may upset the regulatory mechanism resulting in some cases 
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TABLE IV 


INCIDENCE OF LARYNGEAL PAPILLOMA 














AUTHORS PERIOD IN YRS. NO.OF CASES CASES PER YR. 
New & Erich 30 194 6.4 
Siirala 12 40 3.3 
Holinger 15 109 ee 
Altmann 15 51 3.4 
Webb 6 15 2.5 
Bjork 25 117 4.6 
Ishikawa 28 25 0.8 


NAME OF HOSPITAL PERIOD IN YRS. NO. OF CASES CASES PER YR. 








Kyushu Univ. 20 90 4.5 
Osaka Univ. 20 58 2.9 
Okayama Univ. §2 25 0.5 
Keio Univ. 6 28 4.6 
Niigata Univ. ) 20 4.0 
Kumamoto Univ. 22 16 0.7 
Kyoto Univ. 51 20 0.4 
15 general hosp. 10 149 0.4 


in alteration of cells to tumor formation. Cases of laryngeal papilloma 
encountered particularly in adults are often found associated with a 
prolonged exposure to irritation of some sort. ‘Lhe chronic irritation 
theory perhaps serves as the common denominator to various factors 
which may lead to the ultimate development of papilloma of the 


larynx. 


VIRUS INFECTION 


Infection has been blamed for years as a cause of laryngeal papil- 
loma. This theory is attractive because it places the tumor in line 
with other disease processes. Mackenzie"’ among others thought 
chronic catarrhal infection was the basic causative factor of papilloma. 
Since many cases of papilloma are accompanied by respiratory infec- 
tions, it has been thought by some that tuberculosis, syphilis and other 
infections are the most likely cause of this tumor. However, recent 
views” are that respiratory infection is not the cause but the result 
of the accumulation of secretion or impaired drainage secondary to 



































PAPILLOMA OF THE LARYNX 1127 





the obstructive lesion. Among infectious agents attributable as a 


causal factor only viruses remain now for serious consideration. 


It has long been known by the laity that blood from a wart gives 
rise to the spread of new ones at adjoining parts of the skin. The 
infectious nature of warts was first proved experimentally by Variot*® 
in 1893 when he reported the successful inoculatory result in an adult 
with material from warts of a child. Subsequently, Jadassohn,” 
Ciuffo,’* Serra,“' Wile and Kingery'’' and others contributed in 
definitely establishing the viral etiology of warts. 


Clinically, there is a striking similarity of the infecting agents 
of warts and laryngeal papilloma as they frequently coexist in the 
same patients. The association of laryngeal papilloma with warts on 
the hands has been observed by Fauvel, Mackenzie and others. Ull- 
mann,” having observed that warts on the hands are frequently noted 
in children with laryngeal papilloma, stated that association of papil- 
loma occurring in the mucous membrane and warts on the skin is due 
to autoinfection. Bjérk* found that 71 per cent of his series of laryn- 
geal papilloma had a history of warts: the majority of these had “had 
warts themselves before, or simultaneously with the onset of laryngeal 


symptoms.” 


Boies'' in favor of virus being a causative factor states, “it has 
been my clinical impression that the rapid appearance of papilloma 
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Fig. 2.—Photomicrograph. Growth of fibroblast on tissue culture. 


in the trachea of a small child after scalping off multiple laryngeal 
growths was probaby the result of expressing secretion from these 
growths in my efforts at removal.” Kirchner®’ mentions that “even 
sponging with gauze seemed to spread the papilloma.” Eggston and 
Wolff’ state that laryngeal papilloma “acts much like an infection 
in that it not only recurs locally after removal but any area that is 
traumatized is likely to develop a papillomatous growth subsequently.” 
Zalin'’* accepted the virus theory and suggested that spontaneous 
remission before puberty may be due to the development of antibody 
immunity. He further suggested that the regression of papilloma at 
puberty may be that “the mature epithelium presents a barrier to virus 
activity not present in the immature tissue.” Holinger** accepted the 
viral theory and states that “it is due to a filterable virus, with a 
hormonal factor influencing the course of the disease.” Hajek*® in 
1956 reported a case of a child having developed multiple laryngeal 
papillomatosis which he attributed to viral infection taking place from 
the mother at birth. This was evidenced by the presence of papilloma 
in the vagina of the mother and the appearance of laryngeal symptoms 
in the child at about three months after birth. 

The classical experimental work on virus as a causative agent of 
laryngeal papilloma is that of Ullmann.”” In 1923, he demonstrated 
a successful inoculatory result in the skin of the arm of a volunteer 


with an extract of laryngeal papilloma removed from a six-year-old 
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CULTIVATION OF PAPILLOMA-TISSUE IN THE CHICK EMBRYO 
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Fig. 3.—White circles represent eggs which showed no changes during 
incubation. Shaded circles are eggs in which degeneration occurred during 
incubation. Large irregular circles represent chorioallantoic membranes with 
patches of growth. 


boy. He succeeded in transmitting infection to the vaginal mucosa 
of a dog, and flat warts on the scalp or the skin of the face in three 
out of four children. He was able to transfer by inoculation of 
papilloma to the skin of a human being to the third generation. How- 
ever, he failed to induce papilloma in the dog’s hard palate or abdom- 
inal skin. Attempts at transference of solitary papilloma of patients 
between the ages of 50 and 60 to healthy skin resulted in failure 


on three occasions. 


Findlay*' in 1930 failed to confirm Ullmann’s claim of a success- 
ful inoculation of a dog with human papilloma. 
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Fig. 4.—Patches of growth on chorioallantoic membrane of an embryo egg. 


Ishikawa in 1936 was able to succeed in confirming Ullmann’s 
original work of reproducing papilloma in man and dogs. While 
Ullmann was able to evoke papilloma in the vaginal mucosa, Ishikawa 
succeeded in producing the papilloma on the oral mucosa of a dog. 
Ullmann used the fresh laryngeal papilloma of a girl while Ishikawa 
employed a specimen of recurrent papilloma of a 32-year-old man. 
Ishikawa also found that a tissue from laryngeal papilloma stored 
in low temperature may be successfully transplanted as well as freshly 
removed ones. 


However, subsequent experimental studies on tumor-virus rela- 
tionship by numerous investigators showed that the results have been 
largely disappointing. Simeoni*® obtained negative results in the 
transplantation of laryngeal papilloma of a child of three years and a 
17-year-old girl into the vaginal mucosa of rabbits. Buratti’s’’ experi- 
ment of transplantation of papilloma into the vaginal mucosa, con- 
junctiva, and peritoneum of animals also resulted in failure. San- 
giovanni’”’ reported negative results in tissue inoculation of laryngeal 
papilloma of three children into dogs, rabbits, guinea pigs and a child. 
Barretto,‘ Gonzalo,*” Ogura,’ Bjérk,* Sanbe™ and others indicated 
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TABLE V 


CASES OF PAPILLOMA 


CASE NO. NAME AGE IN YRS. SEX CLINICAL DIAGNOSIS 





l K. N. 40 male __ Laryngeal papilloma 

2 e % 24 male Oral papilloma 

3 3S &. 19 male Laryngeal papilloma 

4 N. H. 22 female Oral papilloma 

5 7 & 27 male Oral papilloma 

6 ee 18 female Laryngeal papilloma 

7 S. Y 57 male Laryngeal papilloma 

8 Kk. #. 6 male Laryngeal papilloma 

9 5: Hi. 22 male Laryngeal papilloma 
10 K. H. 6 male Laryngeal papilloma 
11 .. & 22 male Laryngeal papilloma 
12 K. H. 6 male Laryngeal papilloma 
13 S. H. 22 male Laryngeal papilloma 
14 a 3 female Laryngeal papilloma 
15 as We 49 female Laryngeal papilloma 
16 +. 3 female Laryngeal papilloma 
17 a oe 3 female Laryngeal papilloma 
18 3 3 female Laryngeal papilloma 


no definite positive results in their animal experimentations. Frugoni* 
concluded that laryngeal papillomas are not of viral origin as he failed, 
in the experiments with filtered emulsions of papilloma in animals, 
to grow cultures and to elicit antigen production. 


Thus, although virus as a causative agent of laryngeal papilloma 
was demonstrated by Ullmann and Ishikawa, because of lack of 
further subsequent confirmatory evidences, agreement on viral etiol- 
ogy has not been universally established. 


In view of this fact we have attempted to approach the subject 
in elucidating the causative agent of laryngeal papilloma by the 
following experiments (Table V). 


EXPERIMENTAL STUDIES 


1) Tissue Implantation Upon Animals. Tissues of laryngeal 
papilloma from 11 patients and of oral papilloma from 4 patients were 
used. Tissue inoculation was done on § domestic rabbits, 9 hamsters, 
and 2 mice. The site of implantation of papilloma tissues was the 
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TABLE VI 


EXPERIMENTS ON PAPILLOMA 


CASE NO. TISSUE INOCULATION UPON ANIMALS CHICK EMBRYO rISSUE CULTURE 





1 R-1 

2 R-2 

3 H-1 R-3 r.4 
4 R-4 T-2 
5 R-5 T-3 
6 H-2 T-4 
7 H-3 T-5 
8 T-6 
9 H-4 E-1 

10 H-5 E-2 

11 H-6 E-3 

12 E-4 

13 [-7 
14 M-1 E-5 

15 H-7 M-2 T-8 
16 H-8 E-6 T-9 
17 E-7 

18 E-8 


H-Hamster R-Rabbit M-Mouse E-Chick Embryo _ T - Tissue Culture 


anterior chamber of the eye, subcutaneous space of the ear and dorsum 
in rabbits, submucosa of cheek-pouch in hamsters, and the brain 
and intra-abdominal cavity in mice. Fragments of papilloma tissue 
were used for rabbits and hamsters, and emulsions for mice (Ta- 


ble VI). 


Results: There was noted temporary swelling of the tissues at 
the site of inoculation in rabbits and hamsters. However, for the 
subsequent six months no evidence of growth was observable. 


2) Tissue Culture. Fragments of papilloma tissue were first 
washed with Hank’s balanced salt solution which contains penicillin 
(150 U. per 1 cc) and streptomycin (150 per 1 cc). These were cut 
in as small pieces as possible with a sterile scissors and placed in a solu- 
tion consisting of seven parts of Hank’s solution to three parts of 
human serum. At the same time preparation of chicken plasma and 
chick embryo extract were separately made. After a drop or two of 


chicken plasma mixture was made to run into a test tube in slanted 
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position, suspension of papilloma tissue was scattered over the plasma 
mixture. Chicken embryo extract was now allowed to run over 
the fragments of tissue. This caused the suspension to solidify. To 
this was instilled 1 cc of serum with Hank’s solution. The test tube 
was then sealed with rubber cap and placed in the incubator at 37 
C for seven to ten days, depending on microscopic findings. 


Results: Of 9 cultures employing a stationary culture method, 
degeneration occurred within 24 hours after implantation in 6. 
Growth of fibroblast was noted in 3. However, in the course of time 
bacterial contamination occurred in 2 and these cultures had to be 
discarded. In the remaining one there was noted distinct proliferation 
of fibroblast (Fig. 2). This was transplanted upon rabbits; but no 
evidence of growth was observed. 


3) A Study with Carcinogenic Substance. In the process of 
carcinogensis in animals there has been reported of papillomatous 
changes** which™ take place in the tissue. We have used 20-methyl- 
cholanthrene and croton oil in two domestic rabbits. These carcino- 
genic agents were topically applied on the laryngeal mucosa under 
direct vision at weekly intervals for seven months. In one there was 
noted a transient papillary growth which disappeared three weeks 
after its development. No other changes were noted. While no 
histologic examination was made it was thought that the growth was 
a granulation. 


4) Inoculation on Human Body. Inoculation of emulsion of 
papilloma tissues which had been kept in refrigerator at minus 20 C 
for four days, thereby rendering the tumor cells dead, was inoculated 
intradermally upon the inner aspect of cheek and the lower lip of 
my own self. There was noted at the site of inoculation a transient 
swelling and an inflammatory reaction which disappeared in four days. 
No evidence of growth has been observed at the end of three months 
after the experiment. 


§) Chick Embryo Culture.. It was Rous and Murphy‘* who 
first demonstrated that the chorioallantoic membrane of chicken egg 
would support the growth of fowl sarcoma, and later Murphy” 
attempted the cultivation of human neoplasms by this method. The 
developing chicken egg offers many advantages over other methods.° 
Apart from it being economical, there is almost no danger of cross- 
infection, the chick embryo does not carry latent viruses and has no 
power of antibody production, all of which are important features 
in the experimental research. 
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Fig. 5.—Cultivation of polyp and normal mucous membrane in the chick 
embryo. White circles represent eggs which showed no changes during incu- 
bation and shaded circles those which became degenerated. 


In the study on chick embryo chorioallantoic membrane, yolk 
sac, intravenous, and intra-embryonic routes may be employed. We 
have used the chorioallantoic membrane route by a modification of 
the Goodpasture*’ and Buggingh"® and of the false air-sac technique 
of Burnet. Transplantation of papilloma tissue secured from patients 
was made within at least two hours after the biopsy. 


Using eight-day embryo eggs from white leghorn hens, a window 
measuring about 1 cm in diameter was made with a sterile needle, 
care being taken not to damage the embryo by the needle or by pieces 
of broken shell. One to two drops of Hank’s solution was then injected 
through the shell membrane with an injection needle to separate the 
shell membrane from chorioallantoic membrane which lies immediately 
beneath. This would provide a fluid wedge and artificial air space. 
Portions of shell membrane were now cut away with forceps which 
would permit the visualization of blood vessels running in the chorio- 
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Fig. 6.—Proliferation of epithelial cells on chorioallantoic membrane. 


allantoic membrane. A fragment of 0.5 to 1 mm sized biopsy speci- 
men was placed near a prominent blood vessel to aid in nutrition. 
The shell window was then sealed with cellotape to prevent bacterial 
contamination. The eggs were placed in the incubator at 37 C and 
kept for seven to eight days, at which time shells were broken and 
chorioallantois was cut out with scissors for examination. In each 
experiment five to seven eggs were used (Fig. 3). 


Results: There were noted on the chorioallantoic membrane a 
few to more than ten patches of growth each measuring about 1 mm 
in diameter, in § out of 8 cultures. These patches of growth 
which were found along the blood vessel were grayish white in color 
and fairly hard in consistency (Fig. 4). 


In the control culture using fragments of laryngeal mucous 
membrane and polyps no such growths were noted (Fig. 5). It has 
been found that in certain types of viruses and rickettias a diffuse 
thickening of the chorioallantois was noted whereas in papilloma 
there were characteristic white patches of growths. The microscopic 
examination of the patches of growths revealed a marked proliferation 
of epithelium, as shown in Figures 6 and 7. 


These findings suggested the presence of a specific agent, possibly 
virus, which may be responsible for this growth. While we have not 
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Fig. 7.—Proliferation of epithelial cells on chorioallantoic membrane. 


been successful in obtaining serial transfers of this growth the fact 
that papilloma tissues gave rise to such growths on the chorioallantoic 
membrane is of interest and calls for further investigation on this 
problem. 


COMMENT 


In 1933, Shope™’ found the virus which causes skin papilloma of 
wild cottontail rabbits. There are several interesting features to be 
noted concerning this virus. Among them is the host specificity 
limited strictly to the rabbit. Inoculation upon rats, mice, guinea 
pigs, cats, hogs and goats is unsuccessful. It also has tissue specificity 
limited to the epidermis. The mucous membranes of the mouth, 
respiratory and genitourinary tracts have been found refractory 
to the virus. If the virus is inoculated to a scarified area which extends 
from the epidermis to the mucous membrznz, papillomatous growths 
“stop abruptly at the beginning of the mucous layer.” 


There is another virus*’ which is found to be the causal agent 
of oral papillomatosis in rabbits. Unlike Shope virus, this virus acts 
strictly on the lingual mucous membrane. It has been shown that 
the conjunctiva, the vagina and other mucous membrane resist the 


transplantation. Inoculations upon the abdominal skin and buccal 
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mucosa of kittens, rats, mice, guinea pigs and monkeys have been 
found refractory to the virus. These characteristics indicate a genetic 
factor. 


These virus, although affecting only animals, seem to offer im- 
portant suggestions in the study of laryngeal papilloma in man. The 
difficulty in obtaining a definite evidence of the virus as being the 
causative agent of laryngeal papilloma may be due to various factors. 
Some of these factors’’ which render successful inoculatory results 
difficult may be the following, as found in animal experiments and 
suggestions made by Luria and other investigators: a) the amount 
of virus produced in the tumor may be so small that it is difficult 
to isolate by an ordinary method; b) the virus present in the papilloma 
of the larynx may have been altered to noninfectious or low in its 
infectivity so that transmission to animals is difficult; c) the virus 
may be-in the so-called “masked” form as found in the domestic 
rabbit transmitted from wild cottontail rabbits; d) the virus present 
in the laryngeal papilloma may not be “matured” to cause infection; 
e) the virus of human laryngeal papilloma may possess high tissue 
specificity which may prevent the animal transmission although this 
does not seem to be the case according to the results obtained by 


Ullmann and Ishikawa. 


CONCLUSIONS 


1. Some of the highlights of the etiologic factors of laryngeal 


papilloma were presented. 


2. Asin tumors in general, papilloma of the larynx is conditioned 
by various factors rather than directly caused by them. The formula 
of “intrinsic factors plus extrinsic factors equals neoplasm” may 


be regarded as applicable to the etiology of laryngeal papilloma. 


3. Clinical and experimental observations point to the fact that 
virus is most likely a major causative agent. 


4. A brief report was made on the attempt to elucidate the etio- 
logic agent by experiments including chick embryo, tissue cultures, 
animal and human inoculations of papilloma tissues. 


§. In the light of certain characteristics of papilloma virus in 
anima!s, some factors likely to be responsible for the difficulty in isolat- 
ing the causal agent of human laryngeal papilloma were discussed. 
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SUBMUCOUS FIBROSIS OF THE 
PALATE AND CHEEK 


Jor V. DeSa, M.S., D.L.O. (Lonp.) 


BoMBAY, INDIA 


Submucous fibrosis of the palate and cheek, a disease of unknown 
etiology endemic in India, not seen in the Western countries nor 
described in literature, is prevalent throughout the Indian subcon- 
tinent sparing no caste and creed, affecting the young and the old, the 
rich and the poor alike. 


The disease receives its nomenclature from the clinical picture 
in its well-developed state, viz., the deposition of dense fibrous tissue 
in the submucous layer of the palate and cheek, causing disabling 
sequelae, with no other affection of the body. 


Only two otolaryngologists in India have described this condition. 
In 1953, Joshi,’ my late colleague, first described this malady, and 
called it a peculiar blanching and sclerosis of the palate and pillars of 
the fauces. In 1954, Venkata Rao and Raju” published a preliminary 
report of five cases treated with cortisone. In the same year I Pin Su* 
from Taiwan described a similar condition which he called idiopathic 
scleroderma of the mouth. In his report, he does not mention whether 
the cases were found among the local people of Formosa or among 
the Indian population of the Island; so far all cases reported seem 
to be in Indians. 


Since 1949, a detailed study of this problem was undertaken in 
the Department of Otolaryngology of the King Edward VII Memorial 
Hospital, Bombay, India, and have on record a hundred cases of this 
disease. I am presenting the investigations, treatment and results of 
64 cases. Attempts have been made to find the probable etiological 
factors, to determine its relation to other diseases, to describe the 
pathology in detail, and to give relief to the patients by the known 
concepts of treatment. 


From the Department of Otolaryngology, King Edward VII Memorial Hospital, 
Parel, Bombay, India. Read at the Sixth International Congress of Otolaryngology, 
Washington, D. C., May, 1957. 
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These patients were all admitted into the King Edward VII 
Memorial Hospital, a detailed history was taken and a clinical exam- 


ination done. 


Special stress was placed on the dietetic history( on the nature 
of the diet) whether vegetarian or mixed, and whether it contained 
the constituents laid down by the Food and Nutrition Board of the 
National Research Council of India, viz., that the diet should afford 
3,000 calories for the moderately active man and 2,500 calories for 
the moderately active woman. On the whole the diet of these patients 
was found to be below the standard requirements. 


An attempt was further made to find out the excess in the use 
of spices like pepper and chilis (capsicum annum and capsicum 
frutescan), it being made clear at this stage that spices are an essential 
in every Indian cuisine. In only six patients was it possible to find an 


excessive use of these ingredients. 


Leading questions were then asked to elicit any excess in the 
habits prevalent in the country, such as the chewing of “Pan” which 
consists of the ripe piper betel leaf coated with crude lime, sprinkled 
with powdered acacia catachu, containing small pieces of the areca 
catachu nut, a few foeni vulgaria seeds and a few dried leaves of 
anethum graveoleus, and is commonly eaten as a carminative after a 
meal. Some people chew pieces of areca catachu alone or scented 
supari, others chew crude tobacco or tobacco mixed with lime, which 
is usually placed in the vestibule of the mouth for slow absorption. 
It is also a custom among this class of patients to smoke a “Bidi” which 
consists of crude tobacco rolled in the leaf of the hollarrhena anti- 
dysenterica (““Kuda’’) or in the leaf of diospyros embryopteris (““Tim- 
bri” leaf). From this questionnaire we found an excess of pan 
chewing in only 11 patients, of areca nut chewing in nine patients, and 
of tobacco eating and bidi smoking in five. 


It is also customary, in this country where the tooth brush and 
the modern dentifrice are not universally accepted, to use for the 
purposes of oral hygiene the twig of the acacia arabica (“Dantan”), 
the end of which is first chewed and when soft is used as a tooth 
brush. Others prefer burnt wood charcoal or tobacco which is pulver- 
ized and rubbed with the naked finger. With the exception of 20 
cases all the rest used one or the other of the above methods for oral 


cleanliness. 


Sex distribution of the disease was equal, 30 of the cases being 
males and 34 females. The youngest patient was 10 years of age and 
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the oldest was 55 years of age. Forty-four of the cases were found in 


the second and the third decades (Table I). 


TABLE I—AGE INCIDENCI 


AGI NO. OF CASES 
0 - 10 years 2 
11 - 20 years 11 
21 30 years 25 
31 - 40 years 19 
41 50 years 6 
51 - 60 years ] 
TOTAI 64 
TABLE Il 


DURATION OF THE DISEASE 


PERIOD IN YEARS 0-1 1-2 2-5 5-10 MORE THAN 10 


No. of cases 17 12 20 5 6 


4 cases were discovered accidentally during routine examination. 


The duration of the disease was from three months to fifteen 
years. Most of the cases were seen to be of two to five years’ duration 


(Table II). 


It was found distributed in almost all communities of India as 
shown in Table III. The larger number of Maharashtrians and Gujer- 
atis is explained by the fact that they form the greater part of the 
population of the State of Bombay. 


SYMPTOMS 


The earliest symptom of this disease and one experienced by most 
of the patients was soreness of the mouth with a constant burning 
feeling, worsened during meals consisting of spiced foods. This early 
symptom is often diagnosed as a simple stomatitis and overlooked by 
the treating physicians. There are periods of exacerbations, mani- 
fested by the appearance of small vesicles on the cheek and palate. 
The interval between these exacerbations varies from three months to 
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TABLE III 
DISTRIBUTION IN COMMUNITIES 


NO. OF CASES 


COMMUNITIES 





Maharashtrians 32 
Gujeratis 10 
Sindhis and Punjabis 6 
Muslims 5 
North Indians 4 
Parsis 3 
Christians 3 
South Indians 1 

TOTAL 64 


TABLE IV—SYMPTOMS 





SYMPTOMS NO. OF CASES 
Stomatitis 60 
Vesicles and ulceration 36 
Trismus 35 
Inability to blow cheek 8 
Nasal voice 8 
Inability to protrude tongue 6 


one year. The patients, however, are never quite free from this slight 
burning sensation. In only four cases was this symptom absent. 


The later symptoms are due to the sequelae of the progressive 
pathological process, viz., fibrosis, which according to its situation 
leads to varying degrees of trismus, nasal voice, inability to blow the 
cheek or inability to protrude the tongue. Table IV shows the inci- 
dence of the symptoms. 


Clinically the disease may be divided into three stages, in which 
the patients present themselves for treatment: stage 1, stomatitis or 
vesiculation; stage 2, fibrosis; and stage 3, sequelae. 


Stage 1. The disease affects the mucous membrane of the mouth, 
which is not diffusely red, but shows areas of redness found either on 
the entire soft palate, the anterior faucial pillar or the buccal mucous 
membrane. It is in these areas also that the vesicles first appear; these 
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Fig. 1.—Distribution and subclassification of fibrosis. 


are painful to touch and in some cases rupture, leaving small superficial 
ulcers. Cultures of the vesicular fluid fail to reveal any specific 


organism. 


Stage 2. In the stage of fibrosis, i.e., the period of remission, we 
see a pallor of the mucous membrane together with the appearance 
of small spider-like areas due to the deposition of fibrous tissue in 
the submucous layers, at the junction of the pillars with the soft 
palate. 


Stage 3. The stage of sequelae is one where the patients seek 
relief for the disabling effects produced by the increasing deposition 
of the fibrous tissue in the submucous areas. 


It is possible to show the site of this deposit to be mainly distrib- 
uted in three areas—palatal, faucial and buccal. Figure 1 shows the 
further subclassification of this fibrosis for purposes of record and 
treatment. 


Palatal. The density of this fibrous deposit varies from a slight 
whitish area on the soft palate causing no symptoms to a dense fibrosis 
causing a fixation and shortening of the uvula and soft palate (Fig. 2). 


Faucial. The deposition of fibrous tissues in the faucial pillars 
varies from a slight submucosal whiteness in both pillars to a dense 
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Fig. 2.—Late palatal fibrosis. 


Fig. 3.—Faucial fibrosis. 


fibrosis extending into the depth of the pillars with strangulation of 
the tonsils (Fig. 3). This fibrosis is also seen to extend down from 
the anterior pillar to the last molar tooth and that part of the vestibule 
between the upper and lower jaw. 


It is this dense fibrosis involving the tissues around the pterygo- 
mandibular raphe that causes varying degrees of trismus (Fig. 4). 
This trismus was ascertained by measuring the distance between the 
upper and lower incisor teeth with the mouth of the patient open and 
was found to be from 0.75 cm in the advanced cases to 4.0 cms in 
the early cases. The mean distance in all the cases was 2.58 cms. The 
average normal incisor distance as measured in a hundred individuals 
being 4.05 cms. Where the fibrosis is seen to involve only the right 
faucial pillar and the tissues around the pterygomandibular raphe, we 
find that in addition to the trismus there is an over-action of the 
depressors causing a deviation of the jaw to the left. 


Further in advanced cases this fibrosis extends from the faucial 
pillars to the base of tongue and is responsible for the inability of 
these patients to protrude the tongue. 


Buccal. The deposition of fibrous tissue in the buccal mucous 
membrane may be bilateral or unilateral, leading to a slight tightness 
of the cheek, to an inability to blow the cheek, making mastication 
more difficult (Figs. § and 6). 
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Fig. 4.—Trismus due to faucial fibrosis. 


Fig. 5.—Buccal fibrosis. 





Fig. 6.—Inability to blow right cheek. 
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TABLE V 
DISTRIBUTION OF FIBROSIS 








PALATAL 





SITE OF FIBROSIS FAUCIAL LATERAL MEDIAL UVULAR 


MOLAR BUCCAL 





Early 20 27 37 21 
Medium 31 31 14 1 
Advanced 13 5 1 Nil 


TABLE VI 


INVESTIGATIONS 





NQA“ & &’ ND = 


. Urine: 

. Stools: 

. Blood Kahn Test: 

- Haemogram: 

. Erythrocyte Sedimentation Rate: 
. Gastric Analysis: 

. Blood Chemistry: 


(a) Fasting sugar: 

(b) Non-protein Nitrogen: 
(c) Urea Nitrogen: 

(d) Cholesterol: 


. Serum Proteins: Total: Albumin Globulin 
. Fluoroscopy of chest: 

. Barium swallow and meal: 

. Electrical reactions of muscles of jaw and mouth: 

. X-ray temporomandibular joint: 

. Vitamin B Excretion in urine: 

. Biopsy from mucous membrane of mouth: 


24 13 
3 2 
Nil Nil 


Gamma Globulin 


From the extent and distribution of the fibrosis and the resulting 
disability caused by it, the cases were grouped into early, medium and 
advanced. Table V shows the distribution of this fibrosis in the entire 
series of cases. 


The laboratory investigations carried out in these cases are seen 


in Table VI. 


Avitaminosis B which has been described by Martin and Koop‘ 
to play an important part in all forms of stomatitis and which pro- 
duces metaplasia, vesiculation, and even precancerous changes in the 
epithelial and subepithelial layers, could only be studied from the 
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vitamin B group excreted in the urine. As the vitamin B complex 
factor could not be studied in the blood for lack of the necessary 
facilities, the findings are therefore not contributory. 


The positive findings of these investigations are seen in Table VII. 
Hematology showed lowered red blood count in 27 female and 25 
male patients, lowered hemoglobin percentage in 26 female and 21 
male patients, and increased erythrocyte sedimentation rate in 36 
cases. An increase in the blood eosinophil from 5 per cent to 20 
per cent in 39 cases and an increase in blood serum proteins, viz., the 
gamma globulin in 58 cases. 


TABLE VII 


POSITIVE FINDINGS OF INVESTIGATIONS 





Low R.B.C. count 27 females + 25 males 
Low Haemoglobin percentage 26 females + 21 males 
Increased E.S.R. 36 cases 
Increased Eosinophils (5-20%) 39 cases 
Increased Gamma Globulins 58 cases 


A routine examination was done of the teeth, tonsils and sinuses 
to exclude any foci of infection. Many of the cases with varying 
degrees of trismus showed the result of neglected oral hygiene in 
pyorrhoea and caries. A few of the other cases showed occasional 
caries not uncommonly found in such patients. It was difficult to find 
sepsis in the tonsils of the more advanced cases where very little of 
tonsils were seen in the dense fibrous mass. In the early cases however 
in only four could chronic infection in the tonsils be demonstrated. 
On clinical examination of the nose, the floor of the nasal cavity was 
not involved in any case. The nasal surface of the soft palate in the 
cases of palatal fibrosis showed fibrous infiltration on nasopharyn- 
goscopy; the rest of the nasopharynx was entirely normal. The 
paranasal sinuses, both clinically and by radiological examination 
showed mild infection of the maxillary antrum in only six cases. In 
no case could gross sepsis in these regions be found, to attribute sepsis 
as an etiological factor of the disease. 


Biopsy was taken in all cases, in the earlier cases from the areas 
showing the spider-like deposit of fibrosis, in the more advanced cases 
from the pale areas in the mucous membrane, and in the severe cases 
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Fig. 7.—Section of submucous fibrosis of the palate. Epithelium shows 
marked thickening and acanthasis. There is increased fibre formation in the 
corium with areas of hyalinisation. Haematoxylin and eosin. By courtesy of 
Sirsat and Khanolkar. 

Fig. 8.—Normal collagen from human epithelium. Chromium shad- 
owed. By courtesy of Sirsat and Khanolkar. 


from the areas of the dense fibrosis. To obtain enough depth of tissue 
for study I preferred to section a small piece after local infiltration 
with one per cent procaine hydrochloride instead of the punch biopsy. 


The histopathology was studied by N. M. Purandare of the 
‘Department of Pathology, K. E. M. Hospital, Bombay. The histo- 
chemical and electron microscope study was reported by Sirsat and 
Khanolkar’ of the Indian Cancer Research. 


Figure 7 shows the findings of the optical histochemical study. 
The findings of the electron microscope study are seen in Figures 8, 
9 and 10. 


Sirsat and Khanolkar’ feel that the presence of refractile eosino- 
philic material, marked increase in P.A.S. positive material, with meta- 
chromasia in the ground substance in this disease, is similar to the 
histochemical reaction demonstrated by Altschuler and Angevine® 
indicative of the presence of fibrinoid in a number of connective tissue 
disorders involving dense collagen proliferation. Furthermore the 
electron microscope findings are in agreement with those of Gale’ who 
studied collagen from normal and diseased tissue and found no altera- 
tion in the repeating macroperiod of 640 A°. The larger amount of 
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Fig. 9.—Collagen from a case of submucous fibrosis. The fibrils are 
abnormally fragmented and misshapen. Chromium shadowed. By courtesy 
of Sirsat and Khanolkar. 

Fig. 10.—One single fibre frayed at both ends. It is surrounded by 
much amorphous material, some of which still shows suggestion of structural 
periodicity. Chromium shadowed. By courtesy of Sirsat and Khanolkar. 


amorphous material, seen associated with abnormal collagen, is similar 
to that seen by Kellgren and Ball* in rheumatoid arthritis, in sclero- 
derma by Gross® and in a number of connective tissue disorders by 
Tunbridge et al,’’ emphasizing the involvement of connective tissue 
ground substance in the causation of the localized fibrinoid degenera- 
tive process in this disease. The parallelism of the histological appear- 
ance between submucous fibrosis of palate and cheek studied by them, 
with other connective tissue disorders studied by Altschuler and 
Angevine,® suggest the essential correspondence in the connective 
tissue changes in a group of disorders, grouped under the designation 
of “collagen diseases.” 


Sharp'’ has recently described submucous fibrosis along with 
epithelial hyperplasia and mucosal atrophy, as a characteristic feature 
of abnormal precancerous oral epithelium, and of tissues adjacent to 
frank oral cancer. A careful study of smears from the areas of fibrosis 
in the mouth and palate was undertaken by Peters Hannah’* who 
showed by exfoliative cytology a pleomorphism of the cells from the 
superficial as well as the deep layers, with marked variation in their 
size and shape. In advanced cases, groups of cells showing very large 
nuclei with distinct nuclear membrane but with the center “rarified,” 
i.e., not showing chromatin material, are seen. Other groups of cells 
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show moderate hyperchromasia and distinct nucleoli, but all the cases 
studied were found to be negative for cancer cells. 


TREATMENT 


Not knowing the nature of this disease our earlier treatment with 
nonspecific protein therapy, arsenotyphoid injections, fibrin dissolving 
agents, all proved to no avail. Even surgical measures like forcing 
open the mouth in cases of trismus, or cutting the fibrotic bands under 
anesthesia, resulted in more fibrosis with greater disability. In a few 
of these earlier cases the trismus was so marked that dental extraction 
was necessary to allow the patient to nourish himself. 


After 1941, when a group connective tissue disorders otherwise 
known as collagen diseases was first described by Klemperer, Pollach 
and Baehr,"* and the role played by the corticosteroids in the treatment 
of these diseases was better understood, that cortisone was first reported 
to be used in the treatment of five cases suffering from this disease by 
Venkata Rao and Raju’ in 1954. The findings by histochemical study 
and electron-micrography confirm my belief that the best relief could 
be given to these patients by this therapy. 


The cases were divided into four groups for treatment as shown 


below: 
Group 1. Cortisone administered orally. 
Group 2. Hydrocortisone injected locally in the fibrous areas. 


Group 3. Combination of parenteral cortisone and local hydro- 
cortisone. 


Group 4. Control. 


Table VIII shows the number of cases treated in these various 
groups. The results of treatment were evaluated on the following 
points: 1) relief of burning sensation in the mouth, 2) return of 
normal coloration of the mucous membrane, 3) relief of disability, 
viz., improvement of trismus, return of mobility of the palate. 


The first group of seven cases was treated by the oral administra- 
tion of cortisone tablets 25 mg, in the dosage of 100 mg per day till 
a total dose of 2,000 mg was reached. In none of the cases was 
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TABLE VIII — TREATMENT 


NUMBER OF CASES 








DRUGS TREATED IMPROVED 
Cortisone 7 
Hydrocortisone locally 34 29 
Cortisone + Hydrocortisone 7 4 
Vitamin B Complex only 10 0 
Control cases 

(Novocaine injection locally) 6 0 
TOTAL 64 38 
TABLE IX 


RESULTS OF CASES TREATED WITH CORTISONE 








IMPROVE- CHANGE IN 
NO. OF CASES RELIEF FROM MENT IN COLOR O1 
TYPE OF CASE TREATED BURNING TRISMUS MUCOSA 
Early 1 1 Nil Nil 
Medium 4 4 2 1 
Advanced 2 Nil Nil Nil 


any untoward effects noticed. The results of this treatment are seen 


in Table IX. 


The second group of 34 cases was treated by local submucosal 
injections of hydrocortisone into the areas of fibrosis. Hydrocortisone 
VY, cc, i.e., 6.25 mg together with 14 cc of 1 per cent procaine hydro- 
chloride (to minimize the pain of injection) was used. This dosage 
was used on the basis that a small dose of hydrocortisone can be given 
without generalized systemic reaction. These injections were given 
at biweekly interval, the areas of fibrosis were alternated, not injecting 
more than one area at a time, a record being kept of each area at the 
time of injection. Relief from symptoms was seen in the earlier cases 
with as small an aggregate dose of 75 mg while in the more advanced 
cases a total dose of 275 mg was required. In the few cases that did 
not respond at this dosage, the treatment was stopped. On an average 
most of the cases showed good improvement on reaching the dose of 
150 mg. The result is seen in Table X. In both these groups we see 
that in the early and medium cases a favorable result of treatment is 
obtained. 
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TABLE X 


RESULTS OF CASES TREATED WITH HYDROCORTISONE 
INJECTIONS LOCALLY 


IMPROVE- CHANGE IN 





NO. OF CASES RELIEF FROM MENT IN COLOR OF 
TYPE OE CASE TREATED BURNING TRISMUS MUCOSA 
Early 12 12 Nil 5 
Medium 17 15 6 4 
Advanced 5 2 Nil Nil 


TABLE XI 


RESULTS OF CASES TREATED WITH PARENTERAL AND 
LOCAL HYDROCORTISONE 








IMPROVE- CHANGE IN 
NO. OF CASES RELIEF FROM MENT IN COLOR OF 
TYPE OF CASE TREATED BURNING TRISMUS MUCOSA 
Early l l Nil l 
Medium + 3 3 2 
Advanced 2 Nil Nil Nil 


In the third group of seven cases cortisone was first administered 
parenterally starting with a dose of 200 mg for the first two days, 
then 100 mg daily till a total dose of 1,000 mg was given, when they 
were started on the local injection of hydrocortisone as in Group 2. 


This group showed the most favorable result as seen in Table XI. 
In this group we see that out of five cases (early and medium), four 
were relieved of symptoms, and in three cases there was a good return 
of coloration in the blanched mucous membrane (Fig. 14). 


Sixteen cases were kept as controls, six of these were treated by 
local injection of procaine hydrochloride alone while the remaining 
ten were given injections of vitamin B complex; no improvement 
whatsoever was noticed in any of these cases. 


The results of the treatment of these cases with the corticosteroids 
are seen in Table XII. It is clear that in only the early and medium 
cases does the disease respond favorably to this treatment, with good 
relief from the burning sensation and an improvement of the trismus, 
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TABLE XII 


RESULTS OF TREATMENT WITH CORTICOSTEROIDS 


IMPROVE- CHANGE IN 
NO. OF CASES RELIEF FROM MENT IN COLOR OI 
TYPE OE CASE TREATED BURNING TRISMUS MUCOSA 
Early 14 14 Nil 6 
Medium 25 22 11 7 
Advanced 9 2 Nil Nil 


from 0.4 to 1.5 cms distance between the incisor teeth. In the cases 
of palatal fibrosis, the improvement could not be measured. In the 
early cases the return of coloration of mucous membrane in the 


blanched areas in 13 cases was very encouraging indeed. 


In the advanced cases of faucial fibrosis the failure of treatment 
to produce any improvement in the disability, viz., trismus, is due 
to the depth of extension of fibrosis through the anterior and posterior 
faucial pillars, the molar region, to involve the deeper tissue around 
the pterygomandibular raphe. 


In the advanced cases of buccal fibrosis the persistence of inability 
to blow the cheek in spite of treatment may also be explained by this 
fibrotic infiltration of the buccinator muscle. Thus in the advanced 
group the fibrosis is not only submucosal but also extends deeper, 
strangulating and fibrosing the muscle layers (not shown here but 
recorded in our study), to invade the tissues in the deeper planes 
requiring further study for its relief. 


FOLLOW UP OF TREATMENT 


The burning sensation of the mouth, an early symptom of the 
disease, and one that is relieved by the treatment with corticosteroids, 
was however never completely absent in any of the cases, requiring 
me therefore to keep a follow up in all the patients after stoppage of 
the treatment, when it was found to persist in a milder form with no 
return of disability. In 13 cases however this symptom was found to 
increase within a period of three months to two years with a gradual 
return of the disability in a milder form. It is difficult to interpret or 
explain the causation of this symptom which persists in spite of treat- 
ing the mild anemia, in all cases, administering large doses of vitamin 
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B complex in some cases, and the corticosteroids in all cases. I believe 
that the cause is essentially in the nerve endings in the mucous mem- 
brane which are probably in the state of neuronitis du to the histo- 
logical changes taking place in the submucous connective tissue layer. 
The appearance of sterile vesicles on the mucous membrane is further 
proof, making it necessary to study this problem separately, on the 
basis of herpetic manifestation in the oral cavity. 


SUMMARY AND CONCLUSIONS 


1. A new entity, submucous fibrosis of the palate and cheek in 


India, is described. 


2. The nature of the disease is similar to other collagen diseases 
but confined to the oral cavity. 


The positive findings in the investigation of this disease, viz.: 
a) the absence of an etiological factor either in the diet or habits of 
the Indian people, b) the presence of eosinophilia, c) an increase in 
erythrocyte sedimentation rate, d) an increase in gamma globulin of 
more than 1.5 gm per cent in the majority of cases, e) the similarity of 
the histochemical study and the electron microscopical finding to other 
connective tissue disorders, f) the favorable response to treatment 
with the corticosteroids, as also the recurrence of the disease on stop- 
page of the treatment, suggest that we are dealing with a new con- 
nective tissue disorder similar to the other collagen diseases, but local- 
ized to the oral cavity, namely, “Submucous Fibrosis of the Palate 


and Cheek.” 
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LXXXVIII 


MYRINGOPLASTY 


PLASTIC REPAIR OF 
EAR DRUM PERFORATIONS 


L. PreTRANTONI, M.D. 
AND 
E. Bocca, M.D. 


Mian, ITALY 


A historical review of all the methods proposed and applied to 
close a central ear drum perforation would bring us back to the dawn 


of otolaryngology. 


For our present purposes it will be enough to remember that the 
methods recommended have been threefold: 


1. Substitution of the missing part of the drum by some kind of 
heterogeneous material (silver foil, rubber, fish bladder, guttapercha, 
celluloid, yoshino paper, cellophane, polystan). 


2. Promotion of the natural healing of the perforation by caut- 
erization of the margins and stimulation of the regenerative proc- 
esses." 18 

3. Plastic repair of the perforation by means of a pediculated 
flap or of a free graft. This method directly concerns the technique 


illustrated here. 


Each of the methods described has had its supporters, but there 
is little doubt that both Methods 1 and 2 have their own limita- 
tions. Tympanic prostheses do not insure a permanent result; they 
must often be readapted even when they are not displaced by blowing 
the nose or by a recurrent suppuration coming from a mild tubal 
infection or brought about by the irritating action of the prosthesis 


From the Ear, Nose and Throat Clinic, University of Milan, Italy. 
Read before the Sixth International Congress of Otolaryngology, Washington, 
D.C., May, 1957. 
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itself. Moreover, the application is often a painstaking procedure 
and the acoustic result depends largely upon how carefully the pros- 
thesis has been applied. The natural healing of the perforation cannot 
generally be achieved when the loss of substance is large, and it needs 
in any case a number of treatments. 


It seems obvious that Method 3, resulting in a permanent clo- 
sure of the perforation, obtainable by living material and with a 
single surgical procedure, must be the method of choice. Surprisingly 
enough, it has not been, until recently, taken into consideration, in 
spite of an early suggestion by Berthold’ in 1879 and a further contri- 
bution by Shulhof and Valdez'* in 1914. This was presumably due 
to problems connected with the vitality of the transplanted skin. 
Zéllner’®*' and Frenckner* employed a pediculated flap taken from 
the skin of the innermost part of the external bony canal, and 
properly rotated so as to adhere to the freshened edges of the perfora- 
tion, its periosteal surface looking towards the tympanic cavity. 


Wullstein and Bozzi*''*'* employ a free full thickness graft taken 
from the mastoid region and made to adhere to the freshened edges of 
the perforation to cover a big part of the remaining ear drum, from 
which the cutaneous layer has been carefully removed. 


These authors do not report detailed statistics of their operative 
results. 


Wright has given up the technique of Zéllner and Frenckner 
owing to difficulty in rotating the flap and to its poor nutrition due 
to an excessively thin peduncle. He uses as a donor site the mastoid 
region of the patient, as Wullstein does. However, he is the only 
author in foreign literature to emphasize the necessity of using a large 
graft and of insuring a wide bed for its implantation, especially in 
cases of large perforations. He also emphasizes the usefulness of 
obtaining a better exposure of the ear drum by different incisions 
intended to take the skin of the outer part of the meatus out of the 
operative field. He reports 31 primary closures out of a total of 56 
grafting procedures (57 per cent). 


Quite recently Beales has reported the results of a limited series 
of myringoplasties made according to the technique which will be 
illustrated here, and which was demonstrated in London in May, 1955, 
by Pietrantoni and Bocca.’' He obtained permanent closure of the 
perforation and improvement of hearing in 70 per cent of his 17 cases. 
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Fig. 1.—Modified Lempert incision and delimitation of a posterior flap. 


Fig. 2.—Delimitation of the skin graft in the retroauricular sulcus. 


APPLIED PHYSIOLOGY 


Experimental investigation on stapedium tendon reflex in animals 
(Lorente de N6é and Harris) has demonstrated that even extensive 
destructions of the ear drum do not cause a hearing loss of more than 
20 to 30 db. More limited holes cause proportionately smaller losses. 
As a matter of fact, clinical evidence has long pointed to the fact that 
in man extensive dry perforations of the ear drum may cause unappre- 
ciable losses of hearing. Investigations on cochlear potentials by 
Payne and Githler'’ indicate that the amount of hearing loss caused 
by partial removal of the ear drum does not increase proportionately 
with the magnitude of the perforation, smaller defects causing 
relatively greater losses. Moreover, the hearing loss over different 
frequencies varies according to the site of the defect. Posterior perfor- 
ations seem to affect mainly the frequencies below 2000 d.v., anterior 
perforations those about 10,000. 


These findings are somewhat different from the previous ones of 


Bordley and Hardy. 


In spite of the fact that such experimental conditions are only 
cautiously comparable with human middle ear pathology causing ear 
drum perforations, the careful pre- and postoperative audiological 
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investigation of our cases made by Cis* in our Clinic has partially 
confirmed these views: the amount of hearing loss is only scarcely 
related to the size of the perforation (extremely small perforations 
have not been observed), but the type of the hearing loss seems to 
depend to a certain extent upon the site of the perforation, when it 
is a small one. Posterior perforations affect mainly the frequencies 
below 1000; anterior perforations those above 2000. Big central, 
anterior or posterior perforations do not differ as to their consequence 
for the frequency distribution of the hearing loss (Figs. 6 to 11). 


In no case is the loss of hearing due solely to the effect of perfora- 
tion greater than 30 db. Any greater hearing loss, which may be 
observed at preoperative audiometry, is to be ascribed to a concomitant 
alteration of the ossicular mechanics: ankilosis, partial disruption, 
dislocation, etc. This point is of practical importance because a 
successful plastic repair of a perforation may never result in an 
improvement of hearing by air conduction greater than 30 db. 


Inasmuch as the skin graft used for repair does not have the 
mechanical qualities which in a normal ear drum are provided by 
the rich network of collagen fibers it should be expected that the gain 
should always fall considerably short of the target of 30 db, and 
that it should always be unequal for different bands of frequency. 
This seems to be the rule in the majority of cases, but there are several 
exceptions showing that it is always difficult to predict the mechanical 
behavior of a reconstructed ear drum. 


APPLIED PATHOLOGY 


Perforations of the ear drum, brought about by traumatic de- 
struction or by inflammatory necrosis, which do not close in the 
absence of any residual infection in the middle ear, generally are 
pretty large ones. The lack of substance is to be considered as sur- 
passing the regenerating capacities of the tissues. Small perforations, 
always of inflammatory origin, may fail to close due to early growing 
of the tympanic cutaneous layer over the ridge of the perforation. 
This creates a fistula, in the proper sense of the word, between middle 
and external ear. 

It has long been known that, in the process of spontaneous closure 
of a perforation, the fibrous layer does not regenerate and the big so- 
called atrophic scars consist only of a cutaneous and of a mucous 
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Fig. 3.—Downwards rotation of the posterior flap to ensure a free direct 
vision over the innermost part of the auditory canal and ear drum. 

Fig. 4.—Removal of the epithelial layer from the bony canal and ear 
drum, to prepare the “bed” for the transplanted graft. 


layer with no connective fibers in between. However, this opinion 
is not unanimously shared, and Dunlap and Schuknecht’ state that 
in the process of reparation an active fibroblastic proliferation takes 
place and a new middle layer is formed. 


We have no personal experience in the microscopy of the healed 
perforations; however, our clinical experience is very much in favor 
of the opinion reported by Lederer. 


This fact must be borne in mind when planning a plastic closure 
of a perforation. In effect a small perforation such as we can see 
through the ear speculum may be what remains of a much larger, 
sometimes subtotal, perforation, in which for some reason the process 
g 
a smaller perforation than it was originally. However, the fibrous 
layer reaches only to the limits of the original perforation; the regen- 
erated ear drum consists only of mucous and cutaneous layer. 


of spontaneous closure has stopped at an earlier or later date, leaving 


During the attempts to separate the cutaneous layer, the mucous 
layer is torn off also, and finally we are confronted with a much 
bigger defect. In any case, should the mucous layer be separated and 
preserved, this will provide no support for the graft and will be better 
removed down to the limits of the original perforation. 
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INDICATIONS 
The indications for myringoplasty are the following: 
1. A traumatic perforation, without infection of the middle ear. 


2. A postotitic pars tensa perforation having been dry for at 
least one year with no visible pathology in the middle ear, nose or 
pharynx. The size of the perforation is no contra-indication. 


3. Healthy conditions of the skin of the external auditory meatus. 


4. A good bone conduction, possibly not below 25 db over the 
speech frequency range. The air conduction may be at any level 
between 25 and 60 db, but it must be remembered that in no case 
the closure of even a wide perforation may improve air conduction 
hearing by more than 30 db; at any rate never above the level of 


bone-threshold. 


§. A positive artificial ear-drum test. By temporary closing the 
perforation by means of a moistened pledget of cotton, the air con- 
duction threshold must improve at least 10 to 15 db. 


6. The presence of tinnitus which subsides by temporary closure 


of the perforation. 
These indications are somewhat limited for several reasons: 


a) The permanence of an ear drum perforation as the only sequela 
of an extinguished focus of middle ear infection is not exceedingly 
frequent in children. A pars tensa perforation which does not close 
spontaneously is often the sign of some overlooked active cause of 
re-infection in the nose, rhinopharynx and pharynx: the ear may 
happen to be dry for short periods of time, but a careful follow-up 
or a careful history may reveal that such periods. never last longer 
than two or three months, and that recurrent discharge is unrelated 
to infection through the external meatus. 


b) In adults the permanence of a central dry perforation of the 
pars tensa after an otitis in an infant is most often ignored, especially 
when it does not cause an appreciable loss of hearing, tinnitus, pains 
due to exposure to cold, or recurrence of discharge after diving, swim- 
ming, etc. When discovered casually in the course on an ear, nose 
and throat examination, the patient often refuses the idea of under- 
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Fig. 5.—The perforated drum and the raw bony surface of the canal are 
covered with the graft. Cutaneous covering is completed by lifting again the 
rotated posterior flap. 


going even a minor operation for the relief of an affection which 
never caused him any trouble. If the advantages of the operation, 
as outlined by the physician, creep into his mind, he will generally 
consult, before a decision, another specialist who, quite unaware of 
the possibility of a surgical treatment in these cases, will definitely 
discourage the patient from undergoing it. In the best of cases, he 
will assume that at previous examination his colleague may have 
observed the ear in a discharging phase, and envisaged the opportunity 
of more extensive surgery. 


c) In adults every long-standing marginal or epitympanic dry 
perforation must be looked at suspiciously, and is generally not liable 
to simple grafting procedures. Dry bony caries or small hidden dry 
cholesteatomas come often as a surprise in these apparently cured 
cases. 


d) Inasmuch as one of the principal aims of the operation is the 
improvement of hearing, a severe loss of hearing both by air and bone 
conduction, with a normal hearing in the contralateral ear, substan- 
tially reduces the indications to myringoplasty, the only exception 
being cases in which the recurrence of discharge is frequent as a con- 
sequence of external re-infection (professional divers or swimmers, 
workers in dirty surroundings). 


e) For the same reasons, indications are few when, even in the 
presence of a good bone conduction, the temporary closure of the 
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perforation by a prosthesis or by a pledget of cotton moistened with 
liquid paraffin fails to bring about an improvement of hearing. This 
is proof of a co-existing pathology of the ossicular chain, and is an 
indication for other interventions. 


TECHNIQUE 


The experience of tympanoplastic procedures has persuaded us 
that a full thickness or three-quarter thickness skin graft can cover 
wide defects of the tympanic membrane if a large, well-nourished 
bed is provided. Under these conditions, when no suppuration 
is present at the level of the tympanic cavity, the graft “takes” prac- 
tically in 100 per cent of cases. We felt that failures reported in 
previous attempts to plastic repair of dry ear drum perforations 
were most probably due to improper technique regarding: a) the 
quality of the graft and its size, b) the bed, c) the adaptation 
of the graft. 


Therefore, in the last three years, a technique was developed which 
was intended to obviate the drawbacks of the previous methods, as 
follows: 1) A large three-quarter thickness graft is used, taken from 
the retroauricular sulcus; 2) An ample base of implantation is obtained 
by removing the cutaneous covering of the whole ear drum which 
happens to be left, and of practically all the superior and posterior 
wall of the bony external meatus; 3) A careful adaptation of the 
graft is insured not only by binocular magnification but especially 
by a modified Lempert endaural incision and by a temporary down- 
ward rotation of the whole posterosuperior wall of the cartilaginous 
portion of the external auditory meatus. This makes possible an ample 
and direct vision over the bony meatus and tympanic membrane, and, 
what is more important, allows the operation to be carried out without 
the aid of a speculum. In fact, the introduction and the adaptation 
of such a large graft as we use cannot be done blindly through an 
ear-speculum; and a large, carefully adapted graft is the key to 
operative success. 


The progressive steps of the operation are clearly illustrated in 
Figures 1 to 5. 


Perforations of any size and location may be repaired by this 
technique even when the annulus is partially destroyed. No adhesion 
is promoted between graft and promontory. Except in extremely 
wide perforations, no support for the graft is placed in the middle 
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Figs. 6 to 11.—Average preoperative (interrupted line) and postoper- 
ative (continuous line) audiograms of ears with dry perforations of the drum, 
for different locations and sizes of the perforation. The cross-hatched area 
indicates the hearing gain resulting from myringoplasty. 


ear, such as a gelatin sponge or other reabsorbable material. The 
graft is kept in place by fragments of gelatin sponge soaked in anti- 
biotic nonirritating solution, which fills completely the auditory 
meatus. They are removed after ten days. The sutures are removed 
on the sixth to the eighth day. 


The operation is preceded by ordinary premedication and is 
performed under local anesthesia with 10 cc of a 2 per cent xilocaine 
solution to which 1 cc of a 1/1000 epinephrine solution has been 
added. A few drops of pontocaine 2 per cent may be instilled into 
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the tympanic cavity. Only in patients under 12 years of age general 
anesthesia must be used due to lack of collaboration; a complementary 
local infiltration with the above solution is recommended to improve 
local ischemia. 


RESULTS 


Thirty-three cases of dry, long-standing perforations have been 
repaired by the method described up to November, 1956. Ten more 
cases are not reported here because the follow-up period has been 
shorter than six months. 


Of these cases, four presented a total loss of the pars tensa, one 
of them with partial destruction of the annulus; ten cases presented 
a large or very large perforation in the pars tensa; the remaining cases 
presented anterior, central or posterior perforations of smaller size, 
however, always greater than 3 mm in diameter. 


The number of “takes” of the graft has been 31 (94 per cent). 
Two cases were “sloughs,” one of them due to poor technique, the 
other to unknown causes; there was no other consequence but the 
reappearance of the primitive perforation. 


All “takes” resulted in a dry ear in three weeks’ time. In two 
cases, we had a recurrence of middle ear suppuration with a perforation 
at the limits of the graft. Both healed following general treatment 
with antibiotics, with spontaneous closure of the newly-formed perfor- 
ation. The functional results are illustrated in Figures 6 to 12. Onan 
average, the postoperative hearing level within the speech frequencies 
range is 16.5 db below normal threshold, as compared with the pre- 
operative level of 26 db. That means an average gain of about 10 
db for the speech frequencies. 


The average gain over all frequencies has been somewhat greater: 
13 db (from 29 to 16) (Fig. 12). The greatest gain has been a) 
speech frequencies, 32.3 db, b) all frequencies, 31 db. The smallest 
gain has been respectively 8.3 and 5 db. The hearing gain tends to 
be greater, the greater the preoperative air-conduction loss, and is 
generally greater than that obtained by the application of the mois- 
tened cotton wool over the perforation. 


The hearing gain is greater over the frequencies where the pre- 
operative loss was greater. However, the gain is always more im- 
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Fig. 12.—Average hearing gain (cross-hatched area) in 33 cases of 
myringoplasty. 


portant over the low frequencies (up to 500), and the postoperative 
curve always presents a modest slope towards the higher frequencies: 
that seems to signify that the impedance curve of the grafted ear drum 
is influenced by a greater mass. 


We operated upon 22 cases below the age of 15, and 11 cases 
above that age. The postoperative hearing gain has been greater in the 
first group of patients than in the second (14 db against 8.5 db over 
the speech frequency range). 


No postoperative stenosis of the external auditory meatus has 
been observed. On the contrary, if the rotated cutaneous flap is 
thinned down before being replaced, a wider meatus will ensue as 
a result of the operation. 


CONCLUSIONS 


1. The method proposed shows a higher percentage of successful 
repairs than all previous techniques (94 per cent). 


2. It adapts to perforations of any size and location, and may 
be considered as a standard procedure. 


3. It insures permanent closure. 


4. It allows a greater average hearing gain as compared with 
the one obtainable by artificial prosthesis. 


§. It is easier, safer and quicker than the methods employing 
a pediculated flap from the innermost part of the external meatus, 
or the methods based upon repeated cauterization. 
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It is recommended in very young patients where caustics cannot 
be employed and ear drum prosthesis cannot be applied for lack of 
collaboration. This is a rather important point, because the younger 
the patient the better is the functional result which may be achieved. 


SUMMARY 


The surgical method introduced by the authors for the plastic 
repair of dry ear drum perforations presents two main advantages, 
when compared with other methods so far employed: 


1. By means of a wider exposure of the operative field, obtained 
through an endaural incision and a temporary displacement of the 
skin of the posterior wall of the external auditory meatus, the adapta- 
tion of the free skin graft may be much better controlled than by the 
transmeatal technique; furthermore much larger grafts may be em- 
ployed. 


2. By removing the cutaneous layer of the whole residual ear 
drum and of a considerable part of the bony meatus a large base of 
implantation for the graft is provided, which insures practically 
100 per cent of operative success. 


The indications for this type of interventions are: ear drum 
perforations of the pars tensa which have been dry for years; good 
bone conduction; positive improvement of the air conduction audio- 
gram following the preliminary application of an artificial prosthesis 
over the perforation; in the absence of points two and three, recurrent 
infection of the tympanic cavity through the meatus (swimmers, 
divers, workers in dusty surroundings), or tinnitus which subsides 
by temporary closure of the perforation may be the main indication. 


The technique described has been employed for three years in 
about 40 cases. Definitive sealing of the perforation and restoration 
of hearing have been observed practically in all cases. The results 
obtained recommend this plastic intervention as the operation of 


choice in selected cases. 
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LXXXIX 
GAGGING 


Kurt Tscuiassny, M.D. 


CINCINNATI, OHIO 


Just 100 years ago, Dr. Ludwig Tuerck, the fameus Viennese 
neurologist, introduced Manuel Garcia’s method of mirror laryn- 
goscopy into clinical practice. Garcia, a Spanish singing teacher, orig- 
inated the technique in 1854 using the light of the sun to accom- 
plish it. 


An excellent paper with informative illustrations was presented 
by Dr. Friedrich §. Brodnitz in honor of this jubilee at the Academy 
meeting of 1954.' We learn from Brodnitz that Garcia first per- 
formed laryngoscopy on himself by means of a dental mirror which 
he placed at his uvula. For illumination, he used sunlight which was 
reflected by a hand mirror onto the laryngeal mirror. 


The same technique was used by Tuerck who practiced it on 
himself as well as on cadavers, preceding his first clinical trials during 
the summer months of 1857. Tuerck was forced to discontinue his 
studies during that dark Viennese winter. At this time, Johann 
Nepomuk Czermak, Professor of Physiology in Krakau and later in 
Budapest, borrowed some of Tuerck’s mirrors. Czermak replaced 
sunlight by artificial illumination and the plane light reflecting mirror 
by aconcave one. Thus, laryngoscopy became independent of natural 
sources Of illumination and could be performed throughout the day 
and night. 


The centrally perforated light reflector existed at this time. It 
was invented by Friedrich Hofmann, a general practitioner of Burg- 
steinfurth, who reported it in 1841 as a means for examining the 


external auditory meatus.” 


Laryngology made rapid progress in the following years. In 
1861 Victor von Bruns succeeded in removing a laryngeal polyp under 


From the Department of Otolaryngology, University of Cincinnati College of 
Medicine and the Cincinnati General Hospital. 
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LUDWIG TURCK 
1810-1878 


mirror laryngoscopy using a curved forceps as mentioned by Gurit® 
in his biography. The patient was his brother upon whom he prac- 
ticed the technique for several months until the patient appeared to 
be able to tolerate the procedure. 


With the introduction of cocaine into laryngology by Jellinek* 
in 1884, endolaryngeal surgery became a more simple and popular 


procedure. 


EXPERIMENTS PRECEDING 1854 


Since the beginning of the 19th century, numerous investigators 
have attempted to visualize the vocal cords in the human with the 
help of optic devices and, of course, without splitting the larynx. 
Killian’ presents a list including the following: Bozzini, Senn, Babing- 
ton, Bonnati, Baumer, Liston, Avery, etc. None of them was able 
to view the vocal cords despite years of endeavors. Babington, who 
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is praised sometimes as the inventor of the laryngoscope® admitted 
that he could not see beyond the epiglottis and the upper part of the 
larynx. His “glottiscope”’ as he called his laryngeal mirror, substitut- 
ing a name for achievement, was only an epiglottiscope. 


Contrariwise, Garcia saw his own vocal cords on his first attempt. 
A dramatic description of this event is presented by Brodnitz quoting 
Garcia’s original report. 


Factors Responsible for Failure and Success in Early Laryn- 
goscopy. Logically, the question arises: What was the factor respon- 
sible for the persistent failure of the older investigators to see the vocal 
cords, and for the immediate success of Garcia, Tuerck, Czermak, and 
their followers? 


Both groups used essentially the same type of instruments, the 
same light source, and the same technique of illumination, and yet, 
there was one fundamental difference between the procedures of the 
younger and the older groups. Garcia, as well as Tuerck and Czermak, 
tried the method first on themselves and on cadavers. Thus, these 
men acquired the skill and experience to avoid activation of disturbing 
reflexes. This advantage was missed by the older investigators who 
experimented from the beginning not on themselves but on other 
persons. These volunteers, of course, aware of the experimental nature 
of this method, were naturally in an untoward psychic condition 
caused by fear, insecurity, and lack of confidence. These factors 
interfered with their co-operation by causing gagging, which, in turn, 
is regularly associated with activation of the laryngeal sphincter. 
Thus, visualization of the vocal cords was prevented. This is a 
familiar experience to all of us, particularly when recalling years of 
our apprenticeship. Thus, it appears to me, the pharyngeal reflex 
which is a frequent handicap in our routine mirror laryngoscopy was 
the main inhibitory and retarding factor in the historical development 
of this part of our specialty. 


For this reason, a discussion concerning the neural mechanism 
of gagging, its purpose, factors responsible for its reinforcement and 
attenuation, as well as methods of counteraction appears to me apropos 
on the occasion of the centennial anniversary of clinical laryngoscopy. 


Neural Mechanism Responsible for Reflexes in General. Reflexes 
are actions performed automatically without cortical or subcortical 
impulses such as those transmitted by pyramidal and extrapyramidal 
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FRIEDRICH HOFMANN 
1808-1888 


pathways. Reflexes depend on a neural mechanism called “the reflex 
arc.” As is generally known, this consists of essentially three parts: 
an afferent pathway, an efferent pathway, and a connecting neuron 


between the two. 


1. The afferent (centripetal or sensory) path extends from the 
sensory endorgan in the periphery (the perceptor organ) to its cell 
bodies in the central sensory nucleus. 


2. The efferent (centrifugal or motor) path extends from the 
cell bodies in the motor nucleus to the peripheral endorgan (the effec- 
tor organ). 


3. The connecting neuron represents a bridge providing indirect 
synapses between the sensory and motor nuclei. It is referred to as 
the reflex center. 

“Mutual Neuronal Polygamy.” It should be borne in mind that 
any motor nucleus may have synapses with several sensory neurons; 
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thus, it represents the final common pathway for multiple convergent 
stimuli of different character. 


Likewise, one afferent neuron may have synapses with multiple 
efferent neurons; thus, it represents the “initial common path” for 
multiple “divergent” motor neurons of different character. 


Thus, a kind of mutual neuronal polygamy (sit venia verbo) may 
explain the appearance of multiple reflexes in response to one common 
stimulus (principle of allied reflexes) and one single reflex in response 
to various afferent stimuli (principle of convergent stimuli). 


Example Illustrating the Principle of Allied Reflexes. The coch- 
lear or auditory afferent neuron may carry stimuli initiating several 
allied (associated) reflexes, such as the stapedius, the palpebral, the 
eye turning, the startle reflex, etc.’ 


Example Illustrating the Principle of Convergent Stimuli. Blink- 
ing, the palpebral reflex, may result from tactile, optic, auditory and 
even psychic stimuli conditioned by mnemonic (i.e., depending on 
memory) associations, e.g., blinking in response to a visual threat. 
Luescher* noted stapedius contraction resulting from expectation of 
an acoustic stimulus in a conditioned patient. 


PURPOSE OF REFLEXES 


Reflexes provide rapid protection and functional adaptation for 
the structure upon which they are operating. The high speed of 
reflex action, important in the case of emergency, is secured by the 
short circuit of the reflex arc as described below. 


Examples Showing Protection by Reflexes. These examples are 
chosen particularly from reflexes active in the area of our specialty. 


a. The palpebral, orbicularis oculi, and pupillary light reflexes 
protect bulbus and retina. 


b. The stapedius and tensor tympani reflexes protect the inner 
ear against acoustic trauma. A newly-discovered efferent neural con- 
nection between the superior olive and the inner hair cells may serve 
for the same purpose.” 


c. Vestibular stimulation provides by divergent motor neurons: 
1) maintenance of equilibrium by adaptation during motion and 
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JOHANN NEPOMUK CZERMAK 
1828-1873 


change in posture; 2) precision of volitional movements by means of 
a vestibulo-cerebellar-rubro-spinal path; 3) immobilization of the 
image of the outer panorama on the retina during rotation by means 
of compensatory counter-directional movements of the eye ball. I 
take the liberty of calling this part of the vestibular function optosta- 
sis. Objective vertigo can be regarded as the manifestation of dis- 
turbed optostasis. 


d. Three reflexes serve for protection of the respiratory passages: 
the sneezing, coughing, and laryngeal sphincter reflex. The laryngeal 
sphincter mechanism and its structure, consisting of three concentric 
muscle layers, was originally described by Jacob Henle. The accom- 
panying figure, taken from Henle’s book,’® indicates dramatically these 
three layers. It is shown because modern students presenting an 
identical concept omit any reference to Henle’s work. 


CORTICAL INFLUENCES 


Reflexes, as mentioned before, are independent of cortical im- 
pulses. However, cortical factors may influence the intensity of 
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reflexes causing either reinforcement, or attenuation, or even inhibi- 
tion. Examples: vestibular nystagmus is intensified by intentionally 
looking in the direction of the quick component. It is reduced or 
even abolished by looking toward the side of the slow component. 


Psychic factors such as may be seen in depression, hysteria, or the 
catatonic phase of schizophrenia may reduce or even abolish the 
corneal, vestibular, and pharyngeal reflexes. Conditioning, as men- 
tioned, precipitates reflex action by mnemonic associations. 


Activation of antagonistic impulses serves to bring about a 
reflexive relaxation of the reflex under examination according to 
Sherrington’s law of reciprocal innervation. It is important to realize 
that the same effect can be obtained by intentionally counteracting 
associated reflexes. Finally, it may be mentioned that certain drugs 
are considered to be responsible for intensification, others for the 
reduction of reflex activity. 


THE PHARYNGEAL REFLEX 


The preceding considerations regarding reflexes in general may 
be applied to gagging, the reflex of our special interest in the present 
discussion. 


Gagging (or retching) represents a co-ordinated contraction of 
the oro-glosso-palato-pharyngeal musculature as the effector organ. 
It occurs in response to tactile, gustatory, or olfactory stimuli which 
activate the receptor organs and it may appear by means of mnemonic 
associations with optic, acoustic and emotionally engendered sensations. 
It represents an example of what we call mutual neuronal polygamy. 


The reflex center is located in the laterodorsal border of the 
medullary reticular formation, at the site of the vomiting center, 
ventral to the tractus solitarius and its nucleus."! 


Gagging is frequently an initial phase of vomiting, although 
vomiting may occur without being heralded by gagging, so-called 
projectile vomiting. Intracranial and general systemic factors poten- 
tially responsible for the reflex of our present interest are not included 
in this discussion. 


PURPOSE OF GAGGING 


The primary function of the gagging reflex is protection of the 
food passages against entrance of unwanted material. It may occur 
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VICTOR VON BRUNS 
1812-1883 


symbolically in response to psychic experiences, indicating in psycho- 
somatic fashion, refusal of their acceptance. 


Susceptibility for and intensity of gagging depends on a variety 
of factors involving individual habit or temporary disposition. 


The reflex is markedly modified from almost complete areflexia 
or extreme hyporeflexia to excessive hyperreflexia.’* Such violent 
reaction may occasionally assume an aggressive and hostile character. 
Lack of co-operation may lead to intentionally performed inhibitory 
actions. As a matter of fact, the patient appears to defend himself 
against the examiner. He hesitates to open his mouth; he bends his 
head backwards and shakes it (natural symbol of negation); then, 
pushes the examiner away, and grasps his hand. Thereafter, he gags, 
and may even vomit, and finally arises apologizing for his childish 
behavior. The word childish both characterizes and explains simul- 
taneously the psychological background of the patient’s hostile xttitude 
toward the doctor. His fear of the doctor (iatrophobia, as I like to 
call it) may represent an attitude acquired in childhood by untoward 


experiences with this type of examination. 
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In my experience, the use of force for counteracting such a 
manifestation of regression should be avoided. It may cause irrepar- 
able damage to the doctor-patient relationship. The best strategy, in 
my experience, is to inform the patient about the psychic background 
of his pharyngeal hypersensitivity. He may be allowed to introduce 
the tongue depressor or the laryngeal mirror with his own hand. A 
spray of mild anesthetic solution (sometimes a placebo) may be help- 
ful. Gradually, the patient gets accustomed to the mirror in his 
throat and permits the doctor to take over. The advantage of auto- 
laryngoscopy, as it appears in the history of the technique, may have 
its practical application in such cases. 


The sedating effect of bromides on pharyngeal reflexes, as claimed 
in the older literature, is denied by Hurst.’* Habitual use of alcohol 
seems to increase pharyngeal sensitivity. This conforms with the 
statement of Wartenberg" that the tabetic who shows no deep reflexes 
when sober, manifests them when under the influence of alcohol. It 
may also explain why gagging appears more frequently and inten- 
sively in males. After all, to have a drink or two or even more is the 
privilege of any gentleman but generally is not regarded as ladylike. 


Any muscle action, regardless whether intentionally induced or 
otherwise, is controlled by the principle of reciprocal innervation, 
e.g., activation of extensors demands simultaneous relaxation of the 
respective flexors and vice versa. Pharyngeal contraction, such as 
occurs during the act of swallowing, vomiting, and its forme fruste 
of gagging, is associated with closure of the laryngeal sphincter, and 
therefore, apnea. This is utilized by deep sea divers who succeed in 
prolonged breath-holding by swallowing their saliva. Vice versa, 
intentionally reinforced breathing interferes with pharyngeal con- 
traction. 


Four involuntary actions are regularly associated with gagging: 
1) the laryngeal sphincter reflex, 2) the orbicularis oculi reflex, 3) the 
facial expression typical of unpleasant emotions, and 4) lacrimation. 
Only the first two can be regarded as reflexes. 


1. The laryngeal sphincter protects the air passages against en- 
trance of foreign material during vomiting when it is heralded by 
gagging. 


2. The orbicularis oculi reflex, extensively discussed by Warten- 
berg’* is extremely sensitive and appears upon touching any area 
adjacent to the orbit. It appears regularly with simple anterior 
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Hoffmann’s Original Reflector 


rhinoscopy. Its occurrence in association with gagging is not men- 
tioned in the literature. In my opinion, its activation is not restricted 
to extrinsic tactile stimuli. It appears also in response to intrinsic 
stimuli such as caused by sudden increase of intraorbital pressure. 
Thus, it may be understood why the orbicularis oculi reflex is noticed 
regularly in coughing, sneezing, lifting a heavy load, and, of course, 
vomiting and gagging. In other words, it may be elicited by any 
condition associated with sudden inhibition of venous return, and 
therefore increase of intraorbital pressure. 


3. The facial expression associated with disgust, rejection, and 
abomination is not reflexly induced but rather a result of stimuli 
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The three concentric muscle layers as first 
described by Henle, and as illustrated 
in his book. 


originating in emotional centers and probably transmitted to the 
facial nucleus via extrapyramidal pathways. This statement is based 
on a personal observation. In cases of postencephalitic Parkinson 
syndrome I have seen pharyngeal reflexes without the typical emo- 
tional expression. Of course, voluntary facial movements remained 
intact. If it were a reflex and therefore independent of subcortical 
centers and extra-pyramidal pathways, it should be present even 
when lesions involve these structures. 


4. Lacrimation in connection with gagging seems to me to be 
the mechanical effect of the orbicularis oculi contraction which 
squeezes the tears from the lacrimal glands. 


UTILIZATION OF ALLIED REFLEXES FOR 
COUNTERACTING GAGGING 


1. Forced Respiration. As previously mentioned, respiration and 
gagging are antagonistic actions, and, therefore, controlled by recipro- 
cal inhibition. Tuerck (as mentioned by Seiffert)'* found that pant- 
ing respiration (Keuchende Athmung) is helpful in counteracting 
gagging. Tuerck’s procedure is still used for depressing the pharyn- 
geal reflexes. 


2. The Induced Lagopthalmus. As mentioned before, orbicularis 
oculi contraction represents another reflex allied with gagging. The 
idea occurred to me many years ago of counteracting gagging by 
means of intentionally preventing contraction of the orbicularis oculi. 
I found this procedure helpful in numerous instances and called it 
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the activated or induced lagopthalmus. I demonstrated it to many 
of my colleagues and pupils, but never published it. 


When preparing this article, I came across a paper of Imperatori’® 
presented at the meeting of the American Laryngological, Rhinological 
and Otological Society in 1930 under the title: “A Palatal-Palpebral 
Reflex and Its Significance.” He noticed the occurrence of blinking 
upon concussion of the soft palate. He believes this reflex arc to pass 
from the V to the VII cranial nerves, and considers the remote possi- 
bility of a connection between IX and XI. In discussing this paper 
Samuel Iglauer made the following remark: “There is a practical 
application to Dr. Imperatori’s observation. If one places a laryngeal 
mirror in contact with the soft palate, the patient is apt to squint and 
close the eyes. If one instructs the patient to hold the eyes open, he 
inhibits the throat reflex at the same time, and as a result one obtains 
a better view of the larynx.” Iglauer did not mention whether or 
not this observation was original with him. Nevertheless, beyond any 
doubt, his is the first, and so far only, mention of it in print. For 
this reason, I suggest that this procedure be called “The Iglauer 
Maneuver of Induced Lagophthalmus” in honor of my late friend, 
admired colleague and respected chief. 


SUMMARY AND CONCLUSION 


This article was written in recognition of the centennial anni- 
versary of clinical laryngology. The importance of the pharyngeal 
reflex in our routine mirror laryngoscopy, and the historical develop- 
ment of the method are discussed. The neural mechanisms involved 
and the purpose and characteristics of reflexes in general, with par- 
ticular emphasis on gagging, are described, together with procedures 
helpful in their alleviation. Finally, attention is called to the “induced 
lagophthalmus maneuver.” It is suggested that Samuel Iglauer’s name 
be used as an eponym for this technique. 


The first centennium of clinical laryngology is coming to its 
close. Let us hope that future centuries may outshine the first which 


was prosperous, productive, and progressive. 


101 Louis Ave. 


The originals of the portraits of Tuerck and Czermak are in the Viennese II 
University Clinic for Diseases of Throat, Nose and Ear. The portrait of Victor von 
Bruns is taken from Killian’s article. The portrait of F. Hofmann and the picture 
of his perforated mirror is from the article of Blumenfeld, F. Zur Erinnerung an 
Friedrich Hofmann, Ztsch. Lar. and Rhin. 4:237-242, 1912. 
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The Effects of Smoking on the Upper Respiratory Tract 
LINDEN J. WALLNER, M.D. 
(Abstract) 


There have been numerous articles in the literature on the medical 
aspects of smoking. These have included the chemical analysis of 
tobacco smoke, its results on experimental animals, and the local and 
systemic effects of smoking on various body systems. The larynx is 
the commonest site in the respiratory tract to present changes con- 


sidered due to excessive smoking. 


Alterations of the throat commonly attributed to smoking are: 
1) chronic nonspecific inflammation, 2) polypoid degeneration of the 
vocal cords, 3) leukoplakia, and 4) carcinoma. 


Chronic nonspecific inflammation of the mouth, pharynx and 
larynx is a very common disease and may be due to a number of 
different factors. Mouth breathing, hot spicy foods, alcohol, dry and 
dusty air, infection of the nose and sinuses may contribute to this 
condition. Subjective complaints may be absent, or include dryness 
and burning of the mouth and throat, postnasal discharge, hoarseness 
and cough. The objective evidence of chronic inflammation is hyper- 
emia, thickening of the mucosa and edema. Conspicuous evidence 
of chronic inflammation is commonly seen on routine examination of 
excessive smokers, with no other cause evident. 


Histopathologic studies have recently determined that chronic 
inflammation of the respiratory epithelium is more common in smok- 
Ryan, McDonald and Devine examined sections of 52 larynges 


ers. 
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removed at autopsy. They were from males, 40 to 60 years of age, 
with no known laryngeal disease. In smokers there was greater thick- 
ness of the epithelium due to excess keratinization and hyperplasia. 
There was also more round cell infiltration, edema and squamous meta- 
plasia in smokers. Auerbach and co-workers made similar studies on 
the mucosa of the tracheo-bronchial tree of 41 patients. They also 
found basal cell hyperplasia more common in smokers. 


Myerson studied 182 patients with polypoid degeneration of the 
vocal cords and concluded that it is a clinical entity directly due to 
smoking. He postulates that the irritation of tobacco smoke causes 
an outpouring of serum and then fibrosis, resulting in tumors that 
are edematous fibromata. 


Leukoplakia. Leukoplakia or keratosis is commonly seen in the 
mouth, tongue, pharynx and larynx. Almost all observers list tobacco 
smoke as the chief factor in the etiology. The most important evi- 
dence of this is the fact that the condition is often reversible and will 
promptly clear up when smoking is stopped. A special papular type 
of leukoplakia occurs on the hard palate, as described by Cummer. 





Carcinoma. The etiology of cancer remains an enigma, but 
chronic irritation is frequently listed as an important factor. It is a 
common observation that carcinoma of the larynx is often preceded 


EE 


by long periods of hoarseness. Many writers have emphasized the 
importance of pre-cancerous lesions, especially leukoplakia, in the 
development of laryngeal cancer. It is thus obvious that if we accept 


smoking as an etiologic factor in keratosis we must also regard it as a 
factor in cancer. 


Statistical studies also indicate the relationship of smoking to 
cancer of the respiratory tract. One of the most complete and detailed 
studies was recently reported by Wynder, Bross and Day. One part 
of the study matched 209 patients with cancer of the larynx with 
209 controls and 132 patients with cancer of the lung. Only one 
laryngeal cancer patient was a non-smoker against 22 in the controls. 
They found that the relative risk of developing cancer of the larynx 
increased with the amount of tobacco consumed. 


Kodachrome slides were shown illustrating chronic nonspecific 
inflammation, polypoid corditis, leukoplakia and carcinoma arising 
in leukoplakia. 





This review of recent literature plus clinical observations indicates 
that tobacco smoke contains irritating substances, resulting in inflam- 
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mation of mucous membranes. Excessive smoking for long intervals 
commonly results in chronic nonspecific inflammation of the mucosa 
of the mouth, palate, pharynx and larynx. This chronic inflammation 
may occasionally result in polypoid degeneration of the vocal cords 
or leukoplakia. The leukoplakia may be followed by cancer. 


Since the serious diseases do not occur in a high percentage of 
smokers it may be argued that we are not justified in urging universal 
curtailment of smoking, a habit that seems to bring satisfaction to 
millions. But when a patient complains of symptoms or diseases 
described we should urge him to stop smoking, rather than prescribing 
sprays, gargles or antibiotics. This requires a great deal more time 
and effort, and taxes the physicians’ powers of persuasion, salesman- 
ship and patience. He may be rewarded by the relief of the patients’ 
symptoms as well as objective improvement in objective improvement 


in the disease. 


DISCUSSION 


Dr. Pau E. STEINER: It seems to be established that tobacco 
smoke produces pathological lesions in the larynx of some people. 
The case studies, statistical data, and the improvement reported to 
follow withdrawal are evidence in point. Because non-smokers may 
exhibit the same lesions, there must be multiple causes. The problem 
then becomes one of identifying these causes, and of determining the 
relative importance of each. Is tobacco smoke the principal cause 
or is it only one among others? To what extent, if any, do these 
causes summate their effects? Since many smokers do not have these 
lesions, is smoke effective alone or must some co-factor be present to 


raise it to a threshold dosage level? 


In experimental chemical carcinogenesis in a given tissue, it is 
usually impossible to distinguish one agent from another by the result- 


ing tissue changes and tumors. 


To answer some of these problems, it would be desirable to exam- 
ine a large number of persons, divided into smokers and non-smoker 
groups, but otherwise matched for sex, age, occupation, and general 
environment. Patients presenting themselves for medical care are 
not suitable for such a statistical study because they are already 


pre-selected by their symptoms. 


Another problem concerns the relationship of these lesions. Does 
one evolve into the next, with time, if the cause continues? Assuming 
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that they do, at what point, clinical and histological, do the epithelial 
changes become irreversibly destined to give rise to cancer? Is there 
a recognizable point, short of frank invasive carcinoma, from beyond 
which the cells cannot return to normal? These questions concern 
the interpretation of the basal cell activity, cell atypias, and unrest, 
and the problem of carcinoma-in-situ in the larynx. The same prob- 
lem exists also in other epitheliums, especially those that are multi- 
layered as in the esophagus and the uterine cervix. At what exact 
point in epithelial abnormality to draw the line with confidence 
between harmless and harmful, only meticulous further studies will 
decide. The problem is difficult to study because removal of lesions for 
microscopical examination interferes with their evolution. Further- 
more, results cannot be extrapolated from one species to another, in 
this instance from laboratory animals to man. It is known, for exam- 
ple, that some chemically-induced animal tumors may regress if the 
chemical is withheld even after they have invaded. 


Closely allied to the foregoing problem of the irreversibility of 
certain cellular changes is the question of the duration of the pre- 
invasive period. Is the time from distinct basal cell abnormality to 
infiltrating cancer in the larynx always short, i.e., weeks or months, 
or may there be a long in situ stage lasting many years, as in some cases 
in the cervix? Is the lesion self-reversible during this time? This 
problem also can only be solved by long and careful observations in 
man. 


What is the mechanism of action of tobacco smoke? Is it a direct 
effect of chemicals deposited on the epithelium or an indirect one from 
a rhinitis, sinusitus, or a bronchitis? Actually, it would be expected 
that the effects of these conditions, when present, would be additive. 


Would the effect be one of specific carcinogens or might it result 
from a nonspecific damage? In my opinion it might well prove to be 
the latter. The great difficulties up to now in identifying known 
carcinogenic chemicals in tobacco tars, and then only in small amounts, 
speak for broad-spectrum effects. It has been a laboratory experience 
to find that carcinogenic activity, known to be present in a complex 
mixture, is lost when the fractions are tested separately. The whole 
has biological activity greater than its parts. 


From the viewpoint of the human problem, the exact chemical 
nature of the offending agent may be unimportant. The questions 
are whether certain customs are harmful, and how harmful; if they 
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are bad, is the corrective measure to be modification of the custom, 
or its abolition? 


If smoking is a carcinogen in the larynx, it must be a weak one. 
Of 100 babies born today, something fewer than one will die from 
laryngeal cancers in the next 80 years according to present rates. Over 
half of these babies will become smokers, despite which the yield of 
serious growths will be small. This fact makes the problem difficult 
to study by epidemiological methods, and it explains the apathy of 
the public to the problem. 


Dr. Rosert B. Lewy: I am a bit concerned about one feature 
where probably no concern is needed. It seemed to me there was a 
high percentage of carcinoma being found by pathologists, certainly 
higher than corresponding biopsies I had taken. I wonder whether 
this was one pathologist or a committee of two or three who had a 
voice in making decisions as to whether carcinoma was or was not 
present. 


I saw a patient with the far-advanced leukoplakia on both vocal 
cords. I did a direct laryngoscopy and found that both vocal cords 
were clean and free of leukoplakia and were only pink. I have been 
watching that patient month by month for a year, and apparently 
periodically he develops leukoplakia and then gets rid of it by some 
self-cleansing action. I wonder if Dr. Wallner has had a similar 
experience. 


Dr. Paut H. Hoiincer: One of the problems in this subject 
is the tremendous increase in the death rate of carcinoma of the 
bronchus, and in the increase in incidence of carcinoma of the larynx. 
We are making a big to-do about carcinoma of the bronchus and 
smoking; it becomes more and more obvious that carcinoma of the 
larynx and smoking are also related. Dr. Wallner mentioned some 
work we did some time ago on measurements of changes in the throat 
caused by smoking. Actually, very accurate measurements of color or 
blood vessel size changes were almost impossible to determine. Meas- 
urements of the size of the blood vessels in the pharyngeal mucosa were 
made before and after smoking. This was considered one of the 
indications of inflammation. Yet, we found the vessels changing so 
frequently normally, that it was impossible to measure the changes 
in relation to smoking. Color changes, too, were unpredictable and 
did not follow a definite pattern following the smoking of a single 


cigarette. But clinically, the chronic smoker has recognizable throat 
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changes, and when we put these facts together we realize that a large 
number of people have changes that ultimately go on to carcinoma. 
The dramatic change is most evident when such a patient stops smok- 
ing. The condition quiets down, the irritation disappears, and the 
process is seen to be reversible. Still, I believe there are 75 to 80 
per cent of this audience who continue to smoke. 


Dr. JOHN J. BALLENGER: I was interested in what Dr. Wallner 
said about Dr. Proetz’ work because I have had confirmation of that 
work. I also wonder whether or not this is a factor which may make 
us more impressed with the effect of smoking on the larynx. The 
work of Dr. Proetz demonstrated the dispersion of smoke as it is 
blown through a glass tube which has some obstruction in it. The 
smoke is deposited just distal to this narrow spot. Confirmation of 
that work was in a youngster who had a cup of gasoline in his hand. 
It exploded and he inhaled the flame which was seen to come out of 
his mouth, so we were sure he had inhaled the flame. On laryngoscopy 
the only site of the burn was just distal to the vocal cord, in other 
words, the narrow spot. The flame had been concentrated in that 
area. If that is true, the narrow spot or constriction of the larynx 
will cause smoke or carbon to be deposited just distal to that con- 
striction. The constrictions of the larynx occur primarily at the 
glottis and so we may find the larger incidence of carcinoma in the 
subepiglottic space. My impression is that it is not found more 
frequently in the subepiglottic area than above that. 


Dr. ARTHUR L. Ratko: Along with what Dr. Ballenger is say- 
ing, in the past six weeks I have personally seen seven carcinomas 
of the anterior pillar and tonsillar fissure. I was struck by this and 
by the frequency with which we have been seeing oral carcinoma in 
this particular area. In each instance it was quite easy to determine, 
since the lesion was early, that the lesion had originated on the free 
edge of the anterior pillar. In these cases, however, I wonder why the 
lesion occurs on the anterior face of the pillar when it should occur 
on the posterior aspect if the baffle-plate theory holds true? 


Dr. LinpEN J. WALLNER (closing): I wish to thank the dis- 
cussors. I am gratified that Dr. Steiner believes that these observations 
are of value in the study of cancer. 


In answer to Dr. Lewy regarding the high percentage of carci- 
nomas found, I did not intend to imply that leukoplakia leads to 
carcinoma in the frequency shown in the cases demonstrated. I chose 
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illustrative cases to demonstrate how carcinoma does occur in leuko- 
plakia. I believe that the pathologic diagnoses were accurate, the 
slides were all studied by more than one pathologist. 


I certainly agree with Dr. Holinger on the difficulties of inter- 
preting the effects of smoking in the pharynx and larynx based only 
on the gross appearance and color. That is why I believe that Dr. 
Ryan’s work is so important. He demonstrated objective histopatho- 
logic evidence of chronic inflammation in the larynx due to smoking. 


Dr. Ballenger mentions that we should expect a high percentage 
of subglottic carcinoma, since the combustion products would be 
deposited beyond the true cords. Ryan discussed the clinical applica- 
tion of Proetz’s experiments. The first constriction in the larynx is 
the false cords, and then the widening at the ventricles. In accord- 
ance with Proetz’s findings tars would be deposited just beyond the 
false cords, in the ventricle and on the true cords. 


I do not know if the findings of Proetz would apply to Dr. 
Ratko’s observations on the location of oral carcinoma. 


Recent Advances in Diagnosis and Treatment 


of Conduction Type Deafness 


HernricH G. Koprak, M.D. (by invitation) 


(Abstract) 


A hearing prosthesis is defined as any device which replaces the 
function of a part of the sound conducting system of the ear. An 
electric hearing aid is not a prosthesis because it functions on the prin- 
ciple of increased simulation and not on the principle of improved ear 
function. One can’ distinguish three types of hearing prostheses: 
1) devices which close a perforation of the eardrum (eardrum pros- 
thesis) ; 2) prostheses which aim to replace a destroyed ossicular chain 
(ossicular prosthesis); 3) devices which are attached to certain parts 
of the medial tympanal wall, mostly in the round window or stapes 
area (tympanal prosthesis). 


The Eardrum Prosthesis. The functional pathology which is 
created by a perforation of the eardrum is difficult to assess and should 
be carefully analyzed. More experimental investigations and good 
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clinical analytical work is needed in order to clarify, in each single 
case, and the individual, factors responsible for the hearing loss. A 
careful and correct analysis is the first prerequisite for a successful 
therapy. 


The following pathological conditions exist when the eardrum 
has a perforation: 


1. The area of the eardrum which collects sound energy and 
conveys it onto the malleus is diminished. The hydraulic ration is 
diminished. 


2. Sound entering the middle ear through the perforation reaches 
both inner ear windows. The preferential sound conduction is re- 
duced. 


3. The round window membrane, which normally executes its 
vibrations toward an enclosed air space (tympanal cavity), is now 
vibrating against an open air space. 


4. The intact eardrum acts like a baffle. A perforation of the 
drum abolishes the baffle effect. 


§. The perforation, according to its size, may act as an acoustic 


filter. 


6. The effect of the tensor tympani is altered inasmuch as loss 
of some eardrum membrane makes the membrane softer. 


No allowance has been made for the localization of the eardrum 
perforation. Limited experimental evidence makes it plausible that 
the bio-acoustic effect of an eardrum perforation is stronger in certain 
peripheral drum areas than centrally. The baffle effect and the 
acoustic filter effect also require more elucidation by experimental 
studies. 


For clinical purposes it seems safe to say that the loss of area is 
the most outstanding physical reason for the hearing impairment and, 
consequently, the artificial eardrum acts mainly by the restoration of 
eardrum area. Direct observations with macroscopic stroboscopic 
cinematography have shown that the materials used as “artificial ear- 
drum” vibrate in phase with the rest of the tympanic membrane. All 
the biophysical abnormalities caused by the eardrum perforation and 
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enumerated above are reversed. It is, therefore, not astounding that 
patients whose pathology consists solely of the perforation attain 
completely normal hearing by fitting an eardrum prosthesis. 


Experimentally it was tried to ascertain the effect of size and site 
of eardrum perforations. We utilized fresh cadaver ears in preference 
to animals because we feel that apparently there is still great but 
unrecognized difference between the physical characteristics of the 
mammalian sound conduction system and that of man. Fresh cadaver 
ears were used in the study of artificial eardrum perforations. It is 
possible to produce any size, shape or site of eardrum perforations by 
burring holes into the eardrum of the cadaver ear. The difficulty in 
utilizing fresh temporal bones lies in ascertaining the function before 
and after the lesion. There are no cochlear potential and no muscle 
reflex in a cadaver ear. However, we do believe that we have a method 
by which functional tests can be performed in the cadaver ear. This 
method consists in observing and measuring the acoustic vibrations of 
the inner ear fluid. In the European literature Link has used this 
method also. When a reversible middle ear lesion is created while a 
steady tone is given and while the oscillations in the inner ear are 
being observed, then a change of amplitude of the inner ear fluid 
movements can be readily seen. From these experiments we come to 
the conclusion that the periphery of the eardrum creates greater 
functional loss than the same size and shape perforation in the center 
parts. 


There are patients in which the same technique is followed but 
no functional gain is observed, when such an artificial eardrum is 
placed. While the successful patients are gratifying, the second half 
of the unimproved patients present a much greater challenge and 
demand greater interest. One has to analyze why the failures occurred. 
The over-all explanation, most likely, is that patients who fail to 
benefit are those who, in addition to the perforation of the eardrum, 
have additional pathological changes which are not recognized because 
they are located in invisible places of the tympanic cavity. 


The Tympanal Prosthesis. Physiological considerations: The loss 
of eardrum and of the two lateral ossicles as found in advanced chronic 
middle ear infections and in a radical mastoid cavity represents the 
following abnormal conditions of sound conduction: 


1. The normal impedance matching accomplished by the eardrum 
and the ossicular chain is no longer present. 
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2. The preferential sound conduction to one inner ear window 
by the ossicular chain is abolished. 


3. The two windows face the sound source and execute vibra- 
tions with nearly equal phase instead of opposite phase as in normal 
sound conduction. 


4. The round window membrane does not face an encased air 
bubble but an open air space. The vibratory phenomena in the 
cochlea, especially the dampening, may be influenced by this condi- 


tion. 


§. The sound conduction system represents a mass which is in 
direct contact with the cochlea. The loss of the eardrum, malleus and 


incus diminish this mass. 
6. .The effect of the tensor tympani muscle is lost. 


7. The effect of the stapedius muscle is changed. The stiffness of 
the stapes alone is smaller than the stiffness of the intact ossicular chain. 
Visible motions of the stapes are observed during contraction, which 


do not occur on the intact chain. 


At the present time it is impossible to assess these physical factors 


in diseased ears as to their individual role in causing the hearing loss. 


Of all the bio-acoustic factors enumerated in the list, most 
important is that both windows are facing the sound waves. The 
preferential conduction of sound to the oval window, which is nor- 
mally accomplished by the ossicular chain, is not present in such an 
ear; the opinion was brought forward long ago that some material 
brought into the round window niche acts as a screen and keeps the 
sound energy from reaching the round window membrane. A very 
characteristic term has been used for this procedure. It has been said 
the round window is placed into “sound shadow.” Prerequisite for 
the condition is that a bubble of air be left between the cotton pellet 
and the membrane of the round window. According to this concept, 
the air bubble will permit excursions of the membrane during acoustic 
stimulation of the ear but prevents the sound from reaching the round 
window directly. The clinical evidence as to the effectiveness of a 
moist cotton pellet is convincing. However, the interpretation as 
a sound shadow is not absolutely clear on physical grounds. 


The cotton pellet is also effective if no air is left in front of the 
round window membrane. If a drop of oil or mercury is placed 
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straight against the membrane, a good hearing improvement is ob- 
tained also. Furthermore, if the foreign body is placed against the 
stapes, a similar hearing improvement is found. It is evident that 
the physical conditions in such a case are different from the “sound 
shadow” effect. The physical effect of the pellets is the same on either 
stapes or round window membrane. It acts like an increase of the mass 
factor. 


DISCUSSION 


Dr. Ropert HENNER: It is a very difficult task to open the 
discussion of a paper such as Dr. Kobrak has presented because how 
does one argue or discuss fundamental physiology such as he always 
presents so beautifully? I made a few notes ahead of time because 
of the knowledge of the subject matter. I want to point out some 
of the additional observations of my own on this presentation on 
physiology of the middle ear. Again I want to state that Dr. Kobrak 
deserves great praise because his interest in middle ear physiology is 
always timely. 


The development of modern temporal bone surgery aided by the 
use of the microscope and antibiotics allows more and more concentra- 
tion on the functional aspects of the ear rather than concern for life. 
For this reason, any improvement in diagnostic technique and know]l- 
edge of physiology is the more timely. The use of the acoustic probe 
serves as an important diagnostic tool in determining preoperatively 
whether tympanoplasty should be successful. It is also possible to 
determine continuity of the ossicular chain, and mobility of the stapes 
in chronic suppuration. This will aid in deciding whether there is 
promise of doing an attico-mastoidectomy with a fenestration type 
flap for maximal hearing, or whether tympano-stapediopexy with 
a graft will be necessary. Zéllner and Wullstein have pioneered this 
functional surgery in recent years, and Gisselsson has used the acoustic 
probe diagnostically. 


I might state that we have had an acoustic probe of the type that 
Dr. Kobrak has described to you made by Beltone. We have used 
it only for one week, so our observations in this direction are relatively 
recent. However, we have learned one thing well and that is that the 
volume should be turned as low as possible. This acoustic probe that 
Dr. Kobrak describes is plugged into the bone conduction outlet of 
the audiometer. We have used it by bringing our operating light into 
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the hearing room. When the volume was at its lowest, it is easier for 
the patient to determine changes in volume with your field exposed. 
Relative volume reception at the bony canal, short process of the 
malleus, stapes, and round window areas are compared. This helps 
us to decide whether we should add stapedopexy or whether tympano- 
plasty should be done for better hearing. 


A recent patient scheduled for surgery with a moist attic choles- 
teatoma and only 25 db air-loss and normal bone conduction shows 
interruption of the ossicular chain and indicates the probability of the 
need for stapedopexy. Of course, surgery will finally determine the 
extent of the pathology and I would like to stress the primary responsi- 
bility of eradicating disease to avoid later complications and the pro- 
gression of the hearing loss. 


I made a few notations pertinent to some of the factors of 
columella physiology that Dr. Kobrak mentioned. It is quite likely 
that the human ear ossicular chain has protective value as well as 
sound conduction function. We have seen patients who had fenestra- 
tion operation and were exposed to loud noises who need acoustic 
protection. There is no way in fenestration of regaining the damping 
action of the stapes. It is quite probable that using the artificial 
columella in cases where the Crur are eroded during radical ear 
surgery may offer improved hearing. We intend to study this further. 


Two points seem worthwhile emphasizing: 1) Surgery for 
chronic suppurative temporal bone disease is making strides forward 
toward conservation of hearing, but this does not mean routine im- 
provement. Frencker reported 30 per cent results in cholesteatoma 
and better results in simple suppurative processes. Our own results 
are usual improvement when the impedance of large polyposis of 
the middle ear is removed as part of mastoido-tympanectomy and 
grafting, but about the same percentage as Frencker’s in cholesteatoma. 
In fact, with extensive perilabyrinthine disease, partial deterioration 
of the VIII nerve occurs occasionally, and the hearing may be further 
depressed postoperatively; 2) I would personally like to state that 
there is need for more teaching of temporal bone surgery. As the 
diagnostic techniques improve and the successes of meticulous restora- 
tive surgery are reported, so do younger surgeons become stirred 
beyond the limits of their capabilities. As a teacher, I feel a direct 
responsibility to make students aware of their limitations, and to 
provide the means for improving them. 
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HAROLD IRVING LILLIE 


1888-1957 


Dr. Harold Irving Lillie died at his home in Rochester, Minnesota, 
on August 27, 1957. The cause of death was emphysema. 


“Pete” Lillie was born in Grand Haven, Michigan, on May 6, 
1888. During his boyhood in a small town he acquired a love of 
sports, of outdoor living and of fine animals that continued throughout 
his lifetime. As a young man he spent several summers in the United 
States Coast Guard. He played football at the University of Michi- 
gan. His youthful observation that the physician in the place where 
he was reared possessed the best horses in town strongly influenced his 
decision to study medicine. He became an expert horseman who 
derived much pleasure from training his own horses. In later years 
he owned a stable of trotting horses, and even after ill health forced 
him to forego active participation in sports he enjoyed following 
the progress of these horse on the racing circuit. 


The University of Michigan granted him the degree of bachelor 
of arts in 1910 and that of doctor of medicine in 1912. From 1912 
to 1913 he was intern and resident in the University of Michigan 
Hospitals. His graduate training in otolaryngology was obtained 
under the direction of Dr. R. Bishop Canfield. From 1913 to 1915 
he was an instructor and assistant in otolaryngology in the University 


of Michigan Medical School. 


In 1915 he began the practice of his specialty in Chicago, where 
he was an instructor in otolaryngology in the Rush Medical College 
during 1916 and 1917. 


Dr. Lillie joined the staff of the Mayo Clinic, Rochester, Min- 
nesota, in 1917 and was appointed head of the newly established 
Section of Otolaryngology and Rhinology in that institution. He 
continued as administrative head of the department until 1951, and 
at the time of his retirement in 1953 he was professor of otolaryn- 
gology and rhinology in the Mayo Foundation, Graduate School, Uni- 
versity of Minnesota. 


Throughout his professional career, Dr. Lillie’s primary interest 
was in clinical medicine and the care of patients. He was especially 
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skilled in interpretation of the patient’s history, and he was an astute 
observer of clinical signs and symptoms, and a discriminating judge 
of correlation between laboratory and clinical findings. He firmly 
believed that knowledge of the patient’s total clinical problem is requi- 
site to the correct diagnosis and treatment of local disease. An accom- 
plished surgical technician, he was noted for the fact that his operative 
work was characterized by a minimum of waste motion. This ability, 
plus accurate diagnosis and careful study of the surgical procedure, 
made him a master surgeon. When faced with a difficult contemplated 
surgical problem he often rode horseback while planning the details 
of the operation. 


Dr. Lillie organized and directed the graduate teaching program 
in otolaryngology and rhinology in the Mayo Foundation. The plan 
of teaching which he developed was one of close co-operation between 
student and instructor in the care of patients, the student being given 
increasing responsibility as he developed skill and experience in his 
special field. Study of the basic sciences and participation in research 
were strongly encouraged; intellectual honesty was demanded. The 
success of this program is attested by the many successful otolaryngol- 
ogists who remember him fondly as ““The Chief,”” whose own contribu- 
tions to the specialty were his greatest reward. 


His bibliography consists of nearly 100 titles, and includes both 
papers and chapters of books. His writings embrace a broad field 
of otology and rhinology, although his greatest interest was in the 
control of sepsis of otitic origin. He was among the early advocates 
of the transfusion of blood and the use of a liberal diet in cases of 
severe infection. 


Dr. Lillie gave freely of his time and energies to organizations 
concerned with medicine and medical education. His interests in 
societies were directed more to the educational than to the political 
functions. He was a member of the American Otological Society 
(Guest of Honor, 1953), the American Laryngological Society (Pres- 
ident, 1945-1946), the American Laryngological, Rhinological and 
Otological Society, Inc. (President, 1939, Guest of Honor, 1956), the 
American Academy of Ophthalmology and Otolaryngology, the 
American-College of Surgeons, the International College of Surgeons, 
the American Medical Association, the Minnesota State Medical Asso- 
ciation, the Southern Minnesota Medical Association, the Minnesota 
Academy of Ophthalmology and Otolaryngology, the Alumni Asso- 
ciation of the Mayo Foundation, the Alpha Omega Alpha medical 
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honor society, the Society of the Sigma Xi, the Phi Beta Pi professional 
medical fraternity and the University of Michigan Union (life 
member). 


He was a member of the American Board of Otolaryngology from 
1942 to 1953, and served as president of the board in 1949. 


In the words of Dr. C. Stewart Nash, “Pete was a man who 
possessed the ruggedness of a lumberjack, the power of a football 
player, the expertness of a horseman, the skill of a famous physician 
and surgeon, the strictness of a disciplinarian and the renown of a 
teacher 





but with all these mundane characteristics, he retained the 
spiritual something that permitted him to shed a tear—a tear that was 
ever appropriate and unashamed. He was a boy and a man, and 
he exhibited the finest attributes of each.” 


Otorhinolaryngology has lost a valued friend and colleague, a 
dedicated teacher and an inspired clinician. 


K. M. S. 








Notices 


INDIANA UNIVERSITY 


The 43rd Annual Postgraduate Course in Anatomical and Clin- 
ical Otolaryngology will be presented by the Indiana University 
School of Medicine, March 24 to April 5, 1958. 


Primarily an intensive course in anatomy of the head and neck, 
this course includes dissection and devotes 16 hours to the histopathol- 
ogy of otolaryngology. Lectures and demonstrations are designed 
as a review of basic principles and of recent advances in otolaryn- 
gology and bronchoesophagology. 


Limited to 24 registrants, the course is open to physicians spe- 
cializing in ear, nose and throat (eye) and to residents in training 
in this specialty. 


For information address: Division of Postgraduate Medical Edu- 
cation, Indiana University School of Medicine, Indianapolis 7, Indiana. 


UNIVERSITY OF MIAMI 


The Fourth Postgraduate Course in Esophageal Speech and 
Organic Voice Problems will be given by the University of Miami 
School of Medicine, June 16-27, 1958. Specialists in otolaryngology, 
physical medicine and rehabilitation and speech therapists are eligible. 
Government grants for training, valued at $250 each, for tuition and 
traveling expense are available on application. Address: Dr. Homer 
F. Marsh, Dean, University of Miami School of Medicine, Coral 
Gables, Florida. 


TEMPLE UNIVERSITY 
SCHOOL OF MEDICINE AND HOSPITAL 


Postgraduate courses in Bronchoesophagology will be given Jan- 
uary 13 to 24, 1958, and March 24 to April 4, 1958. 
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These courses are to be given in the Department of Laryngology 
and Broncho-Esophagology, Temple University Medical Center, under 
the direction of Doctors Chevalier L. Jackson and Charles M. Norris. 


The tuition fee for each course is $250. Further information 
and application blanks can be obtained from Dr. Chevalier L. Jackson, 
3401 N. Broad Street, Philadelphia 40, Pa. 


COLLEGIUM O.R.L.A.S. 


The Shambaugh prize, presented every second year by the 
Collegium Otorhinolaryngologicum Amicitiae Sacrum was recently 
awarded to Doctor E. Glen Wever of Princeton for his excellent work, 
over a period of many years, on the physiology of the auditory organ, 
and especially on the electrophysiology of the ear. 


UNIVERSITY OF MANCHESTER 


An International Congress on the Educational Treatment of 
Deafness will be held at the University of Manchester, England, July 
15th to 23rd, 1958, with the approval and support of the Council 
of the University, with financial help from the Ministry of Education, 
the National College of Teachers of the Deaf, and the Rathbone 
Trustees, and with the co-operation of the British Council and the 
Alexander Graham Bell Association for the Deaf, Inc., Washington, 
D.C., U.S.A. 


Forms of application for membership of the Congress will be 
supplied on request to Professor A. W. G. Ewing, Department of 
Education of the Deaf, The University, Manchester 13, England. 


UNIVERSITY OF MIAMI 


Fourth Postgraduate Course in Esophageal Speech and Organic 
Voice Problems, University of Miami School of Medicine, June 16-27, 
1958, under the direction of Nathaniel M. Levin, M.D., F.A.C.S. and 
Faculty. Specialists in otolaryngology, physical medicine and rehabili- 
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tation and speech therapists eligible to apply. Government trainee- 
ships valued at $250 each (tuition and traveling expense) available 
on application. Address: Dr. Homer F. Marsh, Dean, University of 
Miami School of Medicine, Coral Gables, Florida. 


UNIVERSITY OF ILLINOIS 


The next postgraduate course in Laryngology and Bronchoesopha- 
gology to be given by the University of Illinois College of Medicine 
is scheduled for the period January 27 through February 8, 1958. The 
course is under the direction of Dr. Paul H. Holinger. 


Interested registrants will please write directly to the Department 
of Otolaryngology, University of Illinois College of Medicine, 1853 
West Polk Street, Chicago 12, Illinois. 


SET OF BOUND ARCHIVES FOR SALE 


There is available for sale a complete set of the Archives of 
Otolaryngology . .. 64 volumes, from Volume 1, 1925, through 
Volume 64, 1956; uniformly bound in handsome brown cloth; 


backbones stamped in gold; in mint condition. For information 


please address the Editor of the ANNALS, 12 Westmoreland Place, 
St. Louis. 
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AMERICAN LARYNGOLOGICAL ASSOCIATION 


Copies of the Transactions of the American Laryngological 
Association are available for general distribution at $8.00 a copy. 
Please send request with check to Dr. Edwin N. Broyles, Editor, Trans- 
actions, 1100 North Charles St., Baltimore 1, Md. 


AMERICAN SOCIETY OF FACIAL 
PLASTIC SURGERY 


The American Society of Facial Plastic Surgery will hold its 
annual Spring Meeting on March 10 and 11, 1958, at Columbus, Ohio. 


AMERICAN ASSOCIATION FOR CLEFT PALATE 
REHABILITATION 


The American Association for Cleft Palate Rehabilitation will 
hold its 16th Annual Convention at the St. Francis Hotel in San 
Francisco on Thursday, Friday and Saturday, April 24, 25 and 26, 
1958. 


The association is composed of medical, dental and paramedical 
specialists who are interested in the rehabilitation of persons with cleft 


lips and palates. 


ANNALS OF OTOLOGY, RHINOLOGY 
AND LARYNGOLOGY 


The Annals Publishing Company will pay $2.00 each for copies 
of the ANNALS of March 1957, which is out of print. 


Please address the Business Manager, ANNALS OF OTOLOGY, 
RHINOLOGY AND LaryNco.Locy, P. O. Box..1345, Central Station, 
St. Louis 1, Mo., U.S.A. ; 








OFFICERS 


OF THE 


NATIONAL AND INTERNATIONAL 
OTOLARYNGOLOGICAL SOCIETIES 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. LeRoy A. Schall, Boston 
Executive Secretary: Dr. William L. Benedict, Mayo Clinic, Rochester, Minn. 


AMERICAN BOARD OF OTOLARYNGOLOGY 


President: Dr. Gordon D. Hoople, Syracuse, N.Y. 
Secretary: Dr. Dean M. Lierle, University Hospital, lowa City, lowa 


AMERICAN BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 
President: Dr. Walter Hoover, Boston, Mass. 


Secretary: Dr. F. Johnson Putney, 1719 Rittenhouse Sq., Philadelphia 3, Pa. 
Meeting: San Francisco, Calif., May 21, 22, 23, 1958 


AMERICAN LARYNGOLOGICAL ASSOCIATION 


President: Dr. Harry P. Schenck, Philadelphia. 
Secretary: Dr. James H. Maxwell, University Hospital, Ann Arbor, Mich. 


AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL 
Society, INc. 


President: Dr. ercy Ireland, Toronto, Canada. 
Secretary: Dr. C. Stewart Nash, 708 Medical Arts Bldg., Rochester, N. Y. 


AMERICAN MEDICAL ASSOCIATION, SECTION ON LARYNGOLOGY, 
OTOLOGY AND RHINOLOGY 


Chairman: Gordon D. Hoople, M.D., Syracuse, N.Y. 
Secretary: Hugh A. Kuhn, M.D., Hammond, Ind. 
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AMERICAN OTOLOGICAL SOCIETY 
President: Dean M. Lierle, M.D., Iowa City. 


Secretary-Treasurer: Lawrence R. Boies, M.D., University of Minnesota Hos- 
pitals, Minneapolis 14, Minnesota 


THE AMERICAN SOCIETY OF OPHTHAI MOLOGIC AND OTOLARYNGO- 
LOGIC ALLERGY 


President: Sam H. Sanders, 1089 Madison Avenue, Memphis 3, Tennessee. 
Secretary-Treasurer: Michael H. Barone, M.D., 468 Delaware Avenue, Buffalo 2, 
New York. 
PaciFic Coast OTO-OPHTHALMOLOGICAL SOCIETY 
President: H. Leroy Goss, M.D., 620 Cobb Building, Seattle 1, Wash. 
Secretary-Treasurer: Homer E. Smith, M.D., 508 East South Temple, Salt Lake 
City, Utah 


THE SocrETY OF MILITARY OTOLARYNGOLOGISTS 


President: Captain William C. Livingood, United States Navy (MC) 
Secretary-Treasurer: Lt. Colonel Stanley H. Bear, United States Air Force (MC) 


CANADIAN OTOLARYNGOLOGICAL SOCIETY 


President: Dr. G.M.T. Hazen, 208 Canada Bldg., Saskatoon, Sask. 
Secretary: Dr. G. A. Henry, Medical Arts Bldg., Suite 328, Toronto, Ont. 


INTERNATIONAL BRONCHOESOPHAGOLOGICAL SOCIETY 


President: Dr. Theodor Hiinermann, Diisseldorf 
Secretary: Dr. Chevalier L. Jackson, 3401 N. Broad St., Philadelphia 40, Pa. 


PAN-AMERICAN ASSOCIATION OF OTO-RHINO-LARYNGOLOGY AND 
BRONCHO-ESOPHAGOLOGY 


President: Dr. Jose Gros, Havana 
Secretary: Dr. Chevalier L. Jackson, 3401 N. Broad St., Philadelphia 40, Pa. 
Meeting: Sixth Panamerican Congress, Brazil, 1958 or 1959 
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